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CREATING JOBS WITH CLIMATE SOLUTIONS: 
HOW AGRICULTURE AND FORESTRY CAN 
HELP LOWER COSTS IN A LOW-CARBON 
ECONOMY 


Wednesday, May 21, 2008 

U.S. Senate, 

Subcommittee on Rural Revitalization, 
Conservation, Forestry, and Credit, 
Committee on Agriculture, 
Nutrition, and Forestry, 

Washington, DC 

The subcommittee met, pursuant to notice, at 2:33 p.m., in room 
SR-332, Russell Senate Office Building, Hon. Debbie Stabenow, 
Chairman of the Subcommittee, presiding. 

Present: Senators Stabenow, Salazar, Klobuchar, and Crapo. 

STATEMENT OF HON. DEBBIE STABENOW, A U.S. SENATOR 
FROM THE STATE OF MICHIGAN 

Senator Stabenow. Well, good afternoon. I am so pleased that 
all of you are here. This is a very important topic, and obviously 
very timely given the discussion that we will be having in June on 
the critical issues around global climate change and global warm- 
ing. And I am very pleased that Senator Crapo, the Ranking Mem- 
ber of our Subcommittee, has joined me and agreeing to convene 
this meeting, and we are looking forward to some very important 
information being shared today that will help us as we formulate 
some options going forward to, I think, make sure that agriculture 
and forestry are a part of the solution when we look at what we 
need to be doing together. 

I believe we have a responsibility to our children and our grand- 
children to address the growing climate crisis that we all know ex- 
ists, and agriculture does need a voice in that process, as I indi- 
cated, as part of the solution. 

We are here today to learn about the role of agriculture in reduc- 
ing greenhouse gases and how we can best incentivize these reduc- 
tions in a cap-and-trade system. One way that the agriculture and 
forestry community can play a role is through greenhouse offsets. 

As my colleagues know, offsets are greenhouse gas reductions or 
sequestrations made outside a regulatory cap that mitigate other 
emission sources. 

There are numerous types of activities that could qualify for off- 
sets. I know we will talk about many of them today. And as the 
jurisdiction of this Committee suggests, we will focus primarily on 

( 1 ) 
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those within agriculture and forestry. Whether it is soil sequestra- 
tion on croplands, methane capture from dairy farms, or sustain- 
able managed forests to prevent deforestation, as well as grow 
more and older trees, there are many opportunities to reduce emis- 
sions of quality offsets that ensure that a ton of carbon reduced is 
a ton of carbon. 

First and foremost, we need to discuss an offset policy to find ad- 
ditional solutions that reduce greenhouse gases. There are, how- 
ever, other benefits to a strong offset policy: creation of jobs and 
economic opportunity, increasing and incentivizing new tech- 
nologies, providing additional environmental benefits, and, last but 
not least, offsets provide cost containment. 

Michigan and the Nation stand to benefit from a strong offset 
policy. We are blessed in Michigan not only with a strong manufac- 
turing base, but also agriculture and forestry are key to our eco- 
nomic success. And I think that we can benefit both of those sec- 
tors as we look at the issue of quality offsets. Bottom line, we need 
to meet our greenhouse gas emission mandates, and we can if we 
allow this to be a policy that is reasonably priced, which, again, 
goes to the question of offsets. 

Offsets allow for significant cost control. Recently, a well-re- 
spected EPA model analyzed the Lieberman- Warner bill and found 
that viable offsets can drastically diminish the cost of carbon both 
to businesses and to consumers. For example, if we do not restrict 
the amount of verifiable quality offsets in a cap-and-trade market, 
the cost savings to the economy may be as much as 71 percent 
from a program that does not limit quality offsets. 

There are also other significant opportunities that come from off- 
sets. With proper management, both forestry and agriculture could 
help reduce as much as 25 percent of annual U.S. emissions. Cur- 
rently, agriculture sequesters only 1 percent of U.S. emissions, but 
through items we will talk about today, we could sequester as 
much as 10 to 15 percent, which is why this hearing is so impor- 
tant. 

So I am hopeful that we can construct a set of policies from your 
recommendations today that encourages as many quality and 
verifiable offsets as possible. That way we can make sure that we 
are transitioning into a new low-carbon economy in a way that is 
economically stable and is one that benefits consumers in all parts 
of our economy. 

I am looking forward to the panelists, and I will introduce them 
in a moment. But let me first turn this over to our Ranking Mem- 
ber, and I also want to thank Senator Ken Salazar from Colorado 
for joining us for this very important hearing. 

Senator Crapo. 

STATEMENT OF HON. MIKE CRAPO, A U.S. SENATOR FROM 
THE STATE OF IDAHO 

Senator Crapo. Thank you very much, Senator Stabenow. I ap- 
preciate your working with me and your interest in this hearing. 
I think it shows very strong leadership, and I appreciate that. 

I also want to thank our witnesses for being here with us today 
to discuss the role of agriculture and forestry in a low-carbon econ- 
omy. I especially want to give thanks to Mr. Dick Wittman for trav- 
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eling here from Idaho to participate in the hearing. Dick is a mem- 
ber of the Steering Committee on the Agricultural Carbon Market 
Working Group and Past President of the Pacific Northwest Direct 
Seed Association. He is a farmer, a rancher, and a forester from 
Idaho and a leader in the agriculture industry on carbon markets. 
He is also very valuable in terms of his depth of experience, being 
a producer who is voluntarily participating in carbon contracts, and 
I value his input and consider him to be an important resource on 
these issues. 

It has been estimated that agriculture and forest land can con- 
tribute immensely to reductions in greenhouse gas emissions. For 
many in agriculture and forestry, carbon offsets represent opportu- 
nities to obtain more value out of the land and new land manage- 
ment technologies in addition to the possibilities of reducing the 
costs of cap-and-trade programs. 

Agriculture and forestry offsets are already contributing finan- 
cially to some farms and private forestry operations, and because 
of their important functions, farmers and foresters must have a 
voice in the discussion about climate change policy. That is why I 
want to thank you again, Chairman Stabenow, for holding this 
hearing today for this important discussion. 

Climate legislation is expected to be considered by the full Sen- 
ate soon, and it is important that we are having this dialog today 
to increase the awareness of agriculture and forestry’s contribu- 
tions and to take a careful look at what is known so far as to how 
offsets are working in voluntary markets and how projects can be 
properly verified and monitored. 

Additionally, appropriate attention needs to be paid to examine 
both the positive and the negative effects of mandatory cap-and- 
trade systems on farmers, ranchers, and foresters. I commend the 
work that is being done throughout the agriculture and forestry 
communities to collectively look at the most constructive role for 
agriculture and forestry in this context. 

Many of the witnesses here today have been on the cutting edge 
of that effort and in the cooperative work that is taking place on 
this issue. It is very productive. Congress is on the verge of final- 
izing a new farm bill, and included in that farm bill conference re- 
port is a provision to require the United States Department of Ag- 
riculture to create technical guidelines, including verification and 
accounting measures to determine environmental services benefits 
from conservation and land management actions. This provision 
would also direct the Department to concentrate first on carbon 
markets. It is important because it would better prepare agri- 
culture to take part in the carbon credit markets through a struc- 
ture led by the IJSDA. 

This provision also adds to the significant mechanisms in the 
farm bill for improving our environment through conservation pro- 
grams. We need to keep these programs in mind as models when 
considering climate initiatives and legislation. No Federal policy 
has contributed more to enhancing our environment than the farm 
bill and the conservation programs specifically included in it. 

I continue to believe that incentives rather than mandates offer 
the best way to achieve environmental results on private land. For 
that reason, the role of family farms and private forests as offset 
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contributors rather than capped industries seem to me to be the 
most productive approach. It is important to make certain, though, 
that throughout the advancement of any legislation pertaining to 
this issue, it does not turn into a mechanism to force certain plant- 
ing or operating decisions that may not be in the best interest or 
make the best sense for a particular agriculture or forestry oper- 
ation. 

Additionally, it is important that U.S. agriculture sectors do not 
get penalized for environmental management in agriculture sectors 
outside our borders. For instance, the United Nations Food and Ag- 
riculture Organization cited cattle rearing as generating more 
greenhouse gas emissions than the transportation sector. However, 
in the United States, cattle management practices surpassed prac- 
tices in other countries. 

The livestock industry is a vital part of Idaho’s economy. In 2007, 
Idaho’s beef and dairy industries provided 57 percent of Idaho’s 
overall agricultural receipts with more than $3 billion. It is impor- 
tant for our national economy to ensure that these sectors continue 
to be successful to maintain these industries and the jobs that they 
produce in the United States. 

I encourage everyone to continue to take a hard and realistic look 
at all the factors, good and bad, that may result from a mandatory 
cap-and-trade system. The effects are far too reaching to do other- 
wise. 

Some have raised the concern that emissions leakage could sub- 
stantially lessen the effects of emissions reductions, and it is also 
important to look at how early actors who are already taking steps 
to reduce emissions will be taken into account in the new system. 
It is also important to examine proper measurement, double count- 
ing, permanence, and the very serious concerns about the impact 
of cap-and-trade systems on agricultural inputs that are already 
sizable and growing. We also need to make certain that as tradable 
units are developed, they are done in metrics that make sense for 
agriculture. 

For farmers and foresters to be able to assist with reducing emis- 
sions, they must be able to remain on the land. There are legiti- 
mate concerns that implementation of the cap-and-trade system 
could result in prohibitive increases in input costs, such as diesel 
and fertilizer. Policies should best be structured to enable agri- 
culture and forestry to contribute to this effort without compro- 
mising their ability to thrive. 

I look forward to diving into some of these issues as we evaluate 
the discussion today. And, again, I want to thank all of you for 
coming here, the witnesses, Senator Stabenow for the farsighted- 
ness in holding this hearing, and good timing as well. And I appre- 
ciate what I expect we will have in terms of our lively discussion 
today. 

Thank you. 

Senator Stabenow. Well, thank you so much, Senator Crapo, 
and we want to recognize Senator Amy Klobuchar as well, and, 
Senator Salazar, if you would like to take a moment, welcome. 
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STATEMENT OF HON. KEN SALAZAR, A U.S. SENATOR FROM 
THE STATE OF COLORADO 

Senator Salazar. Thank you very much, Senator Stabenow, 
Chairman of the Subcommittee, and Senator Crapo for holding this 
hearing. 

I have a statement that I will just submit for the record, but I 
want to make two comments. 

First, it seems to me that what we did with the farm bill in Title 
IX, Moving Forward with New Energy Opportunities for Rural 
America, was a major step in the right direction. We gave the farm 
bill some real meaning with respect to the energy future of Amer- 
ica that deals with everything from cellulosic ethanol to geothermal 
to small hydroelectric to small wind and a whole host of other 
things that were in there. And I think that is very important. And 
as we move forward in the climate change debate, one of the things 
that we will be addressing again is how we continue to move for- 
ward with that clean energy frontier. 

One of the aspects of climate change and carbon control that we 
worked on in the Energy Committee for a long time has been the 
concept of carbon capture and sequestration, and, unfortunately, 
we have not been able to move with the demonstration projects 
that we have wanted to move forward with on that agenda. In my 
own State, we had a plan in place that would have put together 
a major IGCC plant that would allow us to burn coal and would 
allow us to sequester the carbon in geologic formations. 

As we look at that concept, I think it is also very important to 
understand that those who have sequestered carbon for a very long 
time are, in fact, the farmers and ranchers of America, and I think 
that this hearing gives us an opportunity to put the spotlight on 
how our agriculture and rural communities can help us deal with 
the challenge that we face with carbon emissions and climate 
change. 

So I very much appreciate the hearing. Thank you very much. 

Senator Stabenow. Thank you. 

Senator Klobuchar. 

STATEMENT OF HON. AMY KLOBUCHAR, A U.S. SENATOR 
FROM THE STATE OF MINNESOTA 

Senator Klobuchar. Well, thank you so much, Madam Chair, for 
holding this hearing. We are both from Midwestern States where 
we have people who not only farm but also people who love the out- 
doors. And I do not just hear about global warming anymore from 
academics. I hear it from hunters in Hibbing, Minnesota, who have 
seen the effects on their wetlands; from people who go ice fishing 
on Leach Lake and are having trouble putting their fish houses on; 
from business leaders up in Duluth who have seen the effects on 
the water levels in Lake Superior. And certainly if the projections 
are correct, no one will feel the impact worse than farmers, who 
may face more severe weather, droughts, and storms, and will 
make their lives even more unpredictable. 

But I also believe farming can be part of the solution, and that 
is why I am so glad you held this hearing today. Some of the cut- 
ting-edge research on the cellulosic ethanol, which Senator Salazar 
referred to, in the farm bill is at the University of Minnesota, 
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where they found that we can actually produce carbon-negative 
motor fuel from native prairie grass. That is why that section of 
the farm bill that provides incentives for dedicated energy crops is 
so important. 

There are other ways for farmers to fight global warming, too. 
There is a farmer in northern Minnesota whose name is Dennis 
Haubenschild — that is a good Minnesota name. He tells me that 
his cows pay him three different ways: first, his cows pay him with 
the milk that they produce; second, with the electricity that they 
generate with his methane digester; and, third, he sells the offsets 
to the Chicago Climate Exchange for capturing those greenhouse 
gases. He has a saying, Dennis does: “It is only waste if you waste 
it.” And it has proven to be true. 

I am very excited about the work we are doing in our State with 
wind turbines and biomass gassifiers and all kinds of things. The 
times are changing quickly, both in terms of our understanding of 
global warming and also what we can do to fight it. And I am look- 
ing forward to hearing from our witnesses about what Congress 
can do to help farmers to participate to the maximum extent in 
clean energy and solutions to global warming. 

Thank you, Madam Chairman. 

Senator Stabenow. Thank you, Senator. 

We want to turn to our terrific witnesses, and, Mr. Wittman, you 
have been introduced already by Senator Crapo, but I would just 
welcome you again as a farmer and rancher and forester from 
Idaho, very much a part of creating the solutions. We welcome you. 

Laurie Wayburn, who is President and co-founder of the Pacific 
Forest Trust. Laurie is the co-founder of the only nonprofit organi- 
zation solely dedicated to preserving, enhancing, and restoring 
America’s private working forests for all of our public benefits. 
With more than 25 years of national and international experience 
in sustainability issues, Ms. Wayburn’s current focus is advancing 
the climate benefits of forests. She is helping to lead regional and 
national efforts to enact climate change policies that unit conserva- 
tion and management with market-based incentives to reduce car- 
bon dioxide emissions. We welcome you. 

Mr. Ruben Lubowski, economist and Forest Carbon Economics 
Fellow at the Environmental Defense Fund, we welcome you as 
well and appreciate your expertise. You are working on the Climate 
and Air Program and the Climate Campaign with a focus on devel- 
oping domestic and international strategies to integrate carbon 
emissions and sinks from forestry, agriculture, and land-use change 
into a U.S. cap-and-trade system and a successor treaty to the 
Kyoto Protocol. From 2002 through 2007, Mr. Lubowski was an ag- 
ricultural economist in the Resource and Rural Economics Division 
at the U.S. Department of Agriculture’s Economic Research Serv- 
ice. That is a mouthful. You must have had a big business card on 
that one. 

[Laughter.] 

Senator Stabenow. So we welcome you. 

Steve Cornell, Vice President of Market and Climate Policy, NRG 
Energy, and you coordinate NRG’s positions and strategic initia- 
tives related to climate change issues. We welcome you as well. Mr. 
Cornell has previously served as NRG’s Vice President of Regu- 
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latory and Governmental Affairs and Director of Regulatory Policy 
and has been a frequent witness in FERC market design pro- 
ceedings and technical conferences. Prior to joining NRG, Mr. 
Corneli served in the Minnesota Attorney General’s Office — there 
you go, Senator Klobuchar — first as a utility policy analyst, and 
subsequently as the manager of the office’s Utility Consumer Advo- 
cate Division, with primary responsibility for energy-related legis- 
lative affairs. Welcome to you as well. 

And Derik Broekhoff, Senior Associate with World Resources In- 
stitute. Derik helps direct the greenhouse gas protocol team at the 
World Resources Institute and leads WRI’s work on the design of 
greenhouse gas emissions trading programs, registry systems, and 
standards for carbon offsets. He is the primary author of the WRI 
WBCSD GHG Protocol for project accountability — OK — and has 
testified before Congress on the development of voluntary market 
carbon offset standards. Prior to joining WRI, he worked for 10 
years in the fields of energy and climate change consulting, where 
he developed financial and economic analytical tools for carbon 
market forecasting, risk management, project evaluation, and busi- 
ness strategy development for a wide range of private and public 
sector clients. 

As we can see, we have five wonderful experts here with us 
today. I welcome all of you, and, Mr. Wittman, we will start with 
you. 

STATEMENT OF DICK WITTMAN, MEMBER, STEERING COM- 
MITTEE, AGRICULTURAL CARBON MARKET WORKING 

GROUP, AND FORMER PRESIDENT, PACIFIC NORTHWEST DI- 
RECT SEED ASSOCIATION 

Mr. Wittman. Well, Madam Chairman, Ranking Member Crapo, 
and members of the Committee, I appreciate the opportunity to 
come today and speak about ways that agriculture can help our 
Nation mitigate greenhouse gas emissions in a timely and cost-ef- 
fective manner. 

As Senator Crapo already gave my resume, I will not reiterate 
that. But I would summarize by saying; being a manager of a crop 
and livestock and timber-managing operation really means, we 
are“carbon managers”. The more we start thinking about the most 
important resource that we manage carbon and it is only through 
that resource that we do all the things we do in the natural re- 
source provider industry, it brings to bear what this issue today is 
all about. 

For the last 3 years, I have been part of a national steering 
group of ag leaders studying carbon markets and climate change. 
On behalf of that group, the Ag Carbon Market Working Group, I 
commend you for looking at cost-effective strategies to achieve 
greenhouse gas emissions. 

Science has proven that ag lands have great potential for seques- 
tering carbon. Sequestration is a proven sink that offsets the im- 
pact of emissions. Analysis by the Pew Center indicates that agri- 
culture can provide up to 40 percent of the reductions that we are 
hoping to achieve by 2010 compared to 1990 levels. Consumers and 
resource providers have concerns, and we cannot discount those 
concerns as they relate to potential negative impacts from a car- 
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bon-constrained economy. No one wants to face increased costs and 
uncertainties that could derail economic progress. But, in my view, 
the question is: Do we pay now, or do we pay more later? There 
is a continuing increasing cost of ignoring this issue. 

Our working group has studied emissions mitigation strategies 
all across the U.S. and globally. We have learned that, with the 
right incentives and education, there is no limit to the technologies 
and practices that businesses and consumers can tap to reduce neg- 
ative impacts on our climate. The organizations that I represent 
urge you to recognize the diverse mitigation options that agri- 
culture can offer. These include things like conservation tillage, for- 
estry and agroforestry, reducing methane from manure and 
ricelands, precision ag efficiencies, displacing fossil fuel with re- 
newable energy and reducing nitrous oxide emissions from crop- 
lands. Allowing market-based carbon offsets as part of a national 
cap-and-trade program provides both a cost-containment measure 
for emitters and a shock absorber to our economy. A cap-and-trade 
system helps make it profitable for farmers and foresters to invest 
in environmental stewardship. 

As an energy-intensive industry, agriculture is sensitive to en- 
ergy prices. It is in all of our best interests to create incentives for 
transitioning to alternative energy that is both affordable and less 
damaging to our environment. Greenhouse gas offsets can play a 
huge role in creating those incentives. 

The EPA and others have modeled cap-and-trade bills, such as 
Lieberman- Warner, and they have concluded that domestic and 
international offset provisions in Senate bill 2191, capped at the 
15-percent level, could reduce allowance prices by 93 percent over 
what they would be without these offsets. If we had unlimited ag 
offsets, those prices could fall even further. EPA has also confirmed 
that if we have unlimited offsets, this will not hamper technological 
innovation, but will reduce costs of the entire cap-and-trade sys- 
tem. 

Many organizations are pursuing or already engaging in carbon 
aggregation services. Soil carbon credits can be generated and trad- 
ed in the greenhouse gas markets with absolute confidence. My 
personal experience bears this out. In 2002, the Pacific Northwest 
Direct Seed Association penned one of the first contracts in the 
United States — and, frankly, throughout the world — to engage in a 
voluntary carbon offset trade. We contracted with Entergy Corpora- 
tion in Louisiana to direct-seed cropland for 10 years that would 
sequester 30,000 tons of C02. 

Carbon trading has proven that education and incentives related 
to these offsets can result in significant changes in farming prac- 
tices. That is what this hearing is all about. We want to change 
behavior, and those changes in behavior can result in both eco- 
nomic viability as well as environmental improvement. 

Emissions offsets that the ag sector can provide are high quality, 
they are measurable, and they are verifiable. Scientists have stud- 
ied this for years. Soil carbon sequestration also has many benefits 
that go beyond greenhouse gas emissions reductions: It improves 
air and water quality, reduces soil erosion, enhances moisture re- 
tention, and improves soil productivity. 
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A sad fact for our industry is that agriculture has lost over half 
the native organic matter in our farming soils across the U.S. over 
the past 300 years. This has resulted from tillage, wind, and water 
erosion. Practices such as direct seeding — or no-till — are reversing 
this trend. By sequestering carbon, we are strengthening soil qual- 
ity, not further degrading it. We are also reducing fossil fuel con- 
sumption on the farm. No other sector can offer such high-value 
offsets to society at such a low cost. 

As we move to a mandatory greenhouse gas system, buyers will 
demand projects that pass rigorous measurement and verification 
tests. The dairy industry is doing this, as you have indicated. Those 
who say agriculture cannot offer a real mitigation solution are sim- 
ply wrong. U.S. agriculture and forestry are some of the only sec- 
tors with currently available, high-quality, low-cost, verifiable 
emissions reductions technologies. 

Mitigating and solving our climate crisis will not be easy. Other 
world players were initially hesitant to include ag and forestry as 
part of the solution. That was a mistake. They are now incor- 
porating ag and forestry as vital components of their climate miti- 
gation strategies. Here is an area where the U.S. has a unique op- 
portunity to provide an international leadership role by crafting 
reasonable and innovative ways to include ag and forestry offsets 
as part of the total solution. Agriculture is ready and we are will- 
ing to meet this challenge. 

Because of our conviction that we can mitigate emissions, the Ag 
Carbon Market Working Group has endorsed unlimited offset mar- 
kets. So has a report just released by former Majority Leaders 
Daschle and Dole. On behalf of the Bipartisan Policy Center, I 
would respectfully ask that this report be submitted for the record. 

Senator Stabenow. Without objection, it will be. 

[The report can be found on page 104 in the appendix.] 

Thank you again for the chance to speak to you today, and I will 
gladly answer any questions and assist you in crafting responsible 
policies as we move forward. 

[The prepared statement of Mr. Wittman can be found on page 
100 in the appendix.] 

Senator Stabenow. Thank you very much. 

I should mention to the witnesses and members, I think the clock 
was not working for a while, but I think it is on now. So if every- 
body has — there we go. OK. We will ask members to keep their 
comments to 5 minutes, our witnesses, and we have lots of ques- 
tions for you. 

Ms. Wayburn. 

STATEMENT OF LAURIE A. WAYBURN, PRESIDENT, AND CO- 
FOUNDER, PACIFIC FOREST TRUST 

Ms. Wayburn. Good afternoon, Chairman Stabenow, Senator 
Crapo, members of the Subcommittee. I would like to thank you, 
as well as everyone else has, for holding this most important hear- 
ing, for the role that forests and farms can play in climate policy 
is not to be underestimated. I am honored to testify on the poten- 
tial of private working forests in addressing the challenge of cli- 
mate change. We look forward to working with you as you inte- 
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grate the forest and farm sector into an economy-wide climate 
strategy. 

The forests can and should, indeed probably must, play a signifi- 
cant role in mitigating climate change. They are an essential tool 
to help address this enormous challenge. Their inclusion will en- 
able the most cost-effective, rapid, and durable climate gains, 
which will also catalyze multiple additional economic and public 
benefits from our forests, from sustainable clean energy alter- 
natives to ecosystem restoration to hundreds of thousands of new 
sustainable jobs. Harnessing the power of our forests and climate 
policy will harness a key competitive advantage of the United 
States in the burgeoning global climate marketplace. 

Taking advantage of our Nation’s natural assets, deploying their 
proven capacity — if you will, they are the original carbon capture 
and storage — will help heal our climate. They can absorb excess 
C02 from the atmosphere and store it safely for hundreds to thou- 
sands of years, in the forest, in products, and in substituting for 
fossil fuels. 

As you mentioned in your kind introduction, I am President of 
the Pacific Forest Trust, the Nation’s leading nonprofit organiza- 
tion dedicated to protecting America’s private working forests for 
their many public benefits, including climate stabilization, and I 
would suggest, as our prior speaker has, that this indeed may be 
their most important contribution now. 

We own, manage, and conserve working forestlands. We directly 
conserve working forests valued at over $160 million and work on 
millions of acres across the West. But we have also been instru- 
mental in advancing the role of forests in California’s climate 
change policies, which are the first economy-wide in the country; 
in the Northeast’s Regional Greenhouse Gas Initiative; in the 
Western Climate Initiative in Washington State; and a number of 
others. We have worked on this issue since 1993. 

So in my remarks today, I will address the potential of forests 
in offsetting and reducing net carbon dioxide emissions as well as 
the lessons learned from our experience in California developing 
climate policy and climate markets, where we have, in fact, devel- 
oped the first State-compliant project to meet emissions reductions 
targets, and we have now sold over 80,000 tons of emissions reduc- 
tions into this country’s first pre-compliance market. 

Our experience shows that forest emissions reduction projects are 
realistic, cost-effective and practical tools. They conserve and re- 
store private working forests, they economically sustain forest own- 
ers, and they ensure the long-term delivery of public benefits from 
water to wildlife, as well as wood. And in addressing the challenge 
of climate change, we welcome your inclusion of these sectors in 
order to create an effective economy-wide system. 

Very simply, forests absorb and hold C02 when they grow, and 
they release it when they are converted, lost to development, or 
when they are disturbed. In fact, the United States shares this 
global problem of forest loss and degradation that we are now see- 
ing recognized so strongly in international negotiations. 

We lose 6,000 acres a day of forest and open space in this coun- 
try. Over 4,000 of those acres are forests. That is 1.5 million acres 
of forests a year. Every year, we lose forests the size of the State 
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of Delaware. When we lose those, we lose all the carbon stocks that 
they hold and all their future sequestration and climate benefits 
they bring. So we share this with the global situation. 

But this problem is also an enormous opportunity for the United 
States, for in the United States we actually have the legal struc- 
tures, the governance, and the science to do something about that 
forest loss today, and to do so in a credible, verifiable, and enforce- 
able manner. We can put our forests to work today in fighting cli- 
mate change. 

By doing that, we can reduce net C02 emissions by tens of bil- 
lions of tons in the next 50 years. Three simple actions — reducing 
forest loss, restoring forest carbon banks, and reforesting former 
forests — will bring us those benefits. We can measure those in 
ways that can be very precise, using methods that are well accept- 
ed and in wide use. And this will be based on existing legal institu- 
tions and governmental systems. This distinguishes us globally. 

My time is running down here, so I am going to switch over to 
showing where we have done this in the State of California. 

In adopting a compliance system with a Cap, California inte- 
grated forests into that as part of early action measures. My orga- 
nization recently completed the first project that met those compli- 
ance targets. That is on 2,200 acres in Northern California where 
we are using forest management to both conserve and restore the 
forest carbon banks there. 

We recently sold 60,000 tons of certified emissions reductions to 
Natsource, a leading global emissions and renewable energy asset 
manager, which purchased these — this is their first investment in 
the United States of any sort. They purchased these believing that 
forest offsets are a key policy tool in the portfolio of activities to 
address climate change. A number of other purchases have been 
made as well, such as by our Governor and by the Speaker, who 
wanted to have high-quality, State-backed emissions reductions. 

But the project is also providing other public benefits: sustain- 
able flows of harvest of timber, and the restoration of habitat for 
endangered species, indeed, spotted owls have recently been sight- 
ed on the property. So we are managing for climate, for timber, and 
for spotted owls. We are adding a net asset value, net present 
value of over $2,000 per acre for this landowner, and that is not 
negligible, and that is complementary to sustainable timber. 

So these forest offset projects are an important step in developing 
a robust carbon market. We have received countless inquiries for 
purchasing these emissions reductions and from landowners to cre- 
ate these emissions reductions. 

What this shows is that when you have the right policy, the mar- 
ket will follow. In looking at Federal cap-and-trade legislation, in- 
corporating a system such as in California will create the kinds of 
incentives that private landowners need to manage their lands to 
produce the climate benefits we need to address climate change. In 
doing so, we can provide also hundreds of thousands of clean, very 
green jobs through managing our forests for these products. 

In conclusion, I would like to suggest that forests are not only 
a bridge to a low-carbon future, they are a key component of a 
long-term integrated strategy in U.S. climate policy. 

Thank you. 
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[The prepared statement of Ms. Wayburn can be found on page 
87 in the appendix.] 

Senator Stabenow. Thank you very much. 

Yes, Dr. Lubowski. 

STATEMENT OF RUBEN N. LUBOWSKI, PH.D., FOREST CARBON 
ECONOMICS FELLOW, ENVIRONMENTAL DEFENSE FUND 

Mr. Lubowski. Good afternoon, Madam Chairwoman and distin- 
guished members of the Subcommittee. I greatly appreciate the 
chance to talk with you today about the critical role that agri- 
culture and forestry can play in moving our Nation and the world 
to a low-carbon future. 

Last August, I attended a workshop in Des Moines organized by 
the American Farmland Trust, the Farm Foundation, and the Nat- 
ural Resources Defense Council. This event brought together 27 
farmers to share their views on the market opportunities of a low- 
carbon economy. I was struck by a widespread recognition of the 
potential this holds. One participant summed up the mood of this 
meeting by saying, “Agriculture will be in the carbon-constrained 
world. This is one way we can share costs and spread societal bene- 
fits. Agriculture is a system, and it is involved.” 

Overall, the strong message from this meeting was that crop and 
livestock producers want to be engaged in a climate change solu- 
tion, designing its policies and harvesting its benefits. These bene- 
fits are hard to ignore. Carbon promises to be a bumper crop for 
U.S. agriculture and forestry if we put the right policies in place 
to reward the farming, forestry, and ranching practices that reduce 
greenhouse gas emissions. The rewards, according to an analysis of 
legislation similar to the Lieberman- Warner Climate Security Act, 
could total more than $8 billion a year for American farmers alone. 
This is more than the value of the entire U.S. wheat crop. So it is 
not — this is a very significant amount. 

My testimony today will cover three key points: 

First, our farms and forests have enormous potential to deliver 
major environmental benefits and provide a crucial form of cost 
control as we move to a low-carbon economy. 

Second, a framework of different quality assurances can safe- 
guard the value of investments in carbon-friendly forestry and 
farming practices. 

Last, a system that credits reductions in tropical deforestation is 
a major opportunity to control costs in a cap-and-trade system, but 
the chances to do this are literally vanishing as we speak. This is 
an opportunity we cannot afford to miss to engage key developing 
nations in the global effort to control greenhouse gases. 

To begin, agriculture and forestry activities have great potential 
to provide cost-effective climate solutions that deliver other envi- 
ronmental benefits as well, as we have already heard. Our vast 
rural land base is one of our great national assets. Climate-friendly 
agricultural and forestry practices can reduce emissions of gases 
that cause climate change and that can also actually remove these 
gases from the atmosphere. Whether in agriculture, forestry, or 
rangeland management, our rural economies possess tremendous 
potential for growth in a new industry of climate solutions. 
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By driving changes in land-use and land management practices, 
markets for offsets can also create substantial public benefits in ad- 
dition to climate change mitigation. For example, practices that 
conserve soils and reduce fertilizer inputs would reduce the amount 
of pollution entering our waterways. A well-designed offset pro- 
gram will also provide major new opportunities for American entre- 
preneurship because there will be money to be made by finding 
new and better ways to sequester carbon and otherwise reduce 
emissions from uncapped sectors. A well-designed offset program 
will stimulate technical research and business innovation in Amer- 
ica’s rural economies. 

The potential impact of carbon-friendly changes in land-use prac- 
tices also extends far beyond our borders. The destruction of forests 
in the tropics emits massive amounts of carbon dioxide, approxi- 
mately 20 percent of global greenhouse gas emissions. This is 
roughly as much each year as all the C02 emitted by all the fossil 
energy consumed in the United States. 

When forest carbon emissions are included, the third and fourth 
largest emitters of greenhouse gases in the world are Indonesia 
and Brazil, respectively. We have an opportunity to reap the bene- 
fits of these low-cost, high-value emissions reductions through rec- 
ognition of tropical forest protection activities in our own carbon 
market. It is critical that we seize these opportunities not only be- 
cause of the climate benefits, but also because of the tremendous 
impact agriculture and forestry offsets can have on controlling the 
costs of a transition to a low-carbon economy. Offsets broaden the 
set of available options for complying with the requirements of cli- 
mate policy by allowing companies greater flexibility to make emis- 
sions reductions wherever they are cheapest across both the eco- 
nomic and physical landscape. 

Where there is potential to bank allowances for use in future pe- 
riods, in addition, offsets allow companies to buildup reserves of 
low-cost abatement solutions that can serve as a buffer against un- 
expected swings in future allowance prices. 

Agricultural offsets are among the lowest-cost of all the land-use 
options, and several analyses have shown that these offsets to be 
the low-hanging fruit." Economic analyses have confirmed the cost- 
mitigating value of both agriculture and forestry offsets. 

My second point is our system of quality assurances built in to 
a cap-and-trade program can substantially mitigate concerns over 
offset quality. An offset program can provide real reductions in 
greenhouse gas emissions only if the offsets represent real reduc- 
tions that are measurable, verifiable, and enforceable. 

In my written testimony, I describe a two-part framework of op- 
tions to meet the need for quality assurances, both at the scale of 
individual projects and at the level of the overall program. 

Firstly, the prime example is right here of all the experience that 
already exists on ensuring quality at the project level. This is a 
manual published last year by Duke’s Nicholas Institute for Envi- 
ronmental Policy Solutions, along with EDF and a panel of highly 
regarded scientists. 

A range of approaches should also be considered to ensure qual- 
ity while providing market incentives for offsets. For example, an 
enhanced national and regional accounting system could be used 
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periodically to compare expected performance from a sector’s offsets 
to estimated changes in greenhouse gases measured in a national 
inventory for that sector. In my written testimony, I also describe 
a potential true-up process for the forestry sector that could permit 
the use of improved information on changes in land-use practices 
to assess and, if necessary, adjust the parameters of the offset pro- 
gram. 

My final point is that policymakers have a time-limited oppor- 
tunity to simultaneously engage developing nations and reap enor- 
mous greenhouse gas benefits through market incentives to reduce 
tropical deforestation. My written testimony describes the results 
from a modeling exercise we conducted at EDF that shows that in- 
clusion of tropical forest credits can substantially reduce the overall 
cost of a U.S. cap-and-trade program similar to the version of S. 
2191 that came out of Committee. Opening America’s carbon mar- 
ket to these international forest tons would also create a model for 
engaging developing countries broadly in solving the climate prob- 
lem. 

On the other hand, if the world waits a decade or two to create 
powerful incentives for compensating those who protect tropical for- 
ests, the forests and the approximately 300 billion tons of carbon 
they contain will already be gone. 

In short, the benefits of domestic agricultural and forest offsets, 
as well as international forest carbon credits, should not be over- 
looked. They offer an immediate opportunity to reduce emissions at 
home and abroad, and with the right rules and standards, they can 
substantially shrink compliance costs without compromising the in- 
tegrity of a strict emissions cap. 

Thank you for your attention. I look forward to your questions. 

[The prepared statement of Mr. Lubowski can be found on page 
53 in the appendix.] 

Senator Stabenow. Thank you very much. 

Mr. Corneli. 

STATEMENT OF STEVEN CORNELI, VICE PRESIDENT, MARKET 
AND CLIMATE POLICY, NRG ENERGY, INC. 

Mr. Corneli. Thank you. Good afternoon, Chair Stabenow, 
Ranking Member Crapo, Senators. It is wonderful to be here and 
to have this opportunity to talk about offsets, which are probably 
one of the three most critical issues facing decisionmakers in de- 
signing an effective climate change program, the other two, in our 
view, being the rate of emission reductions and the whole question 
of allocations. These three things together will be critical in deter- 
mining the economic impacts and environmental effectiveness of 
any climate change legislation, and agriculture and forestry are 
very significant in the equation because they both contribute large 
amounts of greenhouse gases that are hard to regulate under a 
cap-and-trade system and, thus, are ideal candidates for providing 
offsets. And at a personal level, one of the things you did not men- 
tion in introducing me was that before I moved to Minnesota, I 
spent 12 years managing our family’s potato and vegetable farm of 
700 acres in Wisconsin, and I know firsthand from that experience 
how eager rural America is for the kinds of business and environ- 
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mental opportunities that high-quality offsets can create in agri- 
culture and in forestry. 

Now, offsets are also critical for our company as well. We are a 
major power producer. We own and operate 23,000 or so megawatts 
of power plants throughout the Northeast, the South, and Cali- 
fornia. Seven thousand megawatts of those power plants are coal- 
burning power plants, and we are one of the largest emitters of 
C02 in the United States, probably the seventh largest in the 
power sector. Last year, we emitted 61 million metric tons of C02. 
We are not particularly proud of that fact, but we are proud of pro- 
viding low-cost, reliable power, and coal is part of the equation that 
makes that possible. 

On our own, we are aggressively working to reduce our own car- 
bon emissions by developing new low- and no-carbon power plants, 
including nuclear, wind, and post-combustion and pre-combustion 
IGCC carbon capture and sequestration. But these kinds of vol- 
untary efforts like we are doing we think are simply not enough. 
Like the other members of USCAP at the table here, EDF and 
WRI, we believe that there has to be a mandatory U.S. cap-and- 
trade system to regulate carbon emissions, and we need this as 
soon as possible to send a market signal for the rapid investment 
in low-carbon technologies across our entire economy. 

There are two reasons we are so interested in offsets. First, 
under any cap-and-trade system, we are going to be a major buyer 
of allowances. We favor a bill that would have a mix of auction and 
allocations, like the Lieberman- Warner bill does. Under that bill, 
we would get enough pre-allowances for about 46 percent of our 
emissions and would have to buy the rest, about 33 million allow- 
ances in the first year. If we can buy offsets for less than those al- 
lowances, we will buy as many as the law allows. That is simply 
in our own interest to do so. 

But more than our own interest, the basic laws of supply and de- 
mand mean that the use of ample amounts of offsets, because they 
are anticipated to be less costly than many of the emission reduc- 
tions in the regulated sector, should not only lower prices for us 
but should lower prices for consumers throughout the U.S. econ- 
omy. And this will help protect our economy during the transition 
to low-carbon technologies while helping limit climate change. This 
great potential from offsets to make climate change legislation 
more effective and less burdensome to consumers and our economy 
is the main reason we are so excited about offsets. But that can 
only happen if the right things in the policy arena happen. So here 
are the five things that we think are most important. 

The No. 1 issue, probably the most important issue of all, is we 
need climate change legislation now. Just as an example, we are 
trying to buy offsets ahead of time. We can buy them through the 
Regi markets because the rules are established. We cannot buy off- 
sets that will qualify under the United States cap-and-trade pro- 
gram because those rules do not yet exist. Nobody knows what will 
qualify. Nobody knows how to produce or buy those offsets. So we 
need to get the market rules out there in a way that is friendly to 
business, friendly to the environment, and that will unleash inno- 
vation in new technologies. We feel that the entire carbon-related 
investment scene, whether it is power plants, automobiles, offsets, 
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were all frozen in the headlights without clear rules. So that is the 
No. 1 thing. 

Second, there have to be reasonable opportunities for using off- 
sets for compliance. As you have heard, various modeling exercises 
suggest that more offsets result in lower prices. We think this is 
critically important, but it is important not to ask for too much be- 
cause, as any farmer knows, too much of a good thing can cause 
the price to crash, and too low of a price that could happen perhaps 
from unlimited offset use would not necessarily be in anybody’s in- 
terest. So it is important to get the quantity right and the price 
right. 

Third, high-quality offsets are critical. We look for contractual 
guarantees that we will not be at risk for offsets that fail to meet 
quality compliance requirements, and that means it is in 
everybody’s interest, sellers and buyers, to have high-quality off- 
sets. 

We think that there has to be a mix of domestic and inter- 
national offsets. Again, the same modeling from the EPA, EIA, and 
others suggests that domestic offsets alone may not be enough to 
achieve the balance that is needed in terms of price and quantity. 
And high-quality international offsets, especially the ones from the 
reduced deforestation that Dr. Lubowski talked about, we think are 
critically important. 

And, finally, on that note, a mixture of project-based offsets and 
sector-based offsets. Project based offsets — which are things that 
entrepreneurs go out — they put in the methane capture in the feed- 
lot in the livestock operations, and they sell those offsets to people 
like us. Those are important. But sector-based ones, such as the 
Government of Brazil reducing deforestation in Brazil, or other sec- 
tors that cannot easily be regulated, also are important. 

So that about sums it up. We need action. We need climate 
change legislation from Congress and signed by the President 
quickly. We need fair rules about offsets. We need ample amounts 
of offsets, and we need clarity in the ability to get on with invest- 
ing. 

Thank you very much. 

[The prepared statement of Mr. Corneli can be found on page 50 
in the appendix.] 

Senator Stabenow. Thank you very much. 

And last, but certainly not least, Mr. Broekhoff. 

STATEMENT OF DERIK BROEKHOFF, SENIOR ASSOCIATE, 
WORLD RESOURCES INSTITUTE 

Mr. Broekhoff. Thank you, Madam Chair and distinguished 
members of the Subcommittee. Thank you for this opportunity to 
testify about the potential role of agriculture and forestry in 
achieving a low-carbon economy. My comments today are focused 
on the basic requirements for carbon offsets under an emissions 
trading program and how agriculture and forestry projects that re- 
duce or sequester greenhouse gas emissions may fare against those 
requirements. 

My own study of the issues suggests that agriculture and for- 
estry have an important role to play in lowering the costs of miti- 
gating climate change. At the same time, many types of agriculture 
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and forestry projects may have a harder time meeting the basic cri- 
teria for carbon offsets than projects in other sectors. It may be 
more effective to support these kinds of projects through methods 
other than a carbon offset program. 

To understand the issues involved, it is important to clearly de- 
fine the function of a carbon offset in an emissions trading system. 
Fundamentally, a carbon offset is a reduction in greenhouse gas 
emissions that is achieved to compensate for, or offset, an increase 
in emissions at another source. To serve this function, carbon off- 
sets need to meet five basic criteria. 

First, carbon offsets must be real. They must reflect a complete 
accounting of a project’s effects on emissions. Any unintended in- 
creases in emissions resulting from a project, or leakage, must be 
fully accounted for. 

Second, carbon offsets must be additional. This means they must 
involve reductions that would not have happened in the absence of 
a carbon offset program. 

Third, carbon offsets must be permanent. Offsets that are prone 
to reversal through fire, harvesting, or other disturbances must 
have measures in place to compensate for when this occurs. 

Finally, carbon offsets must be verifiable and they must be en- 
forceable. 

The biggest challenge for any carbon offset program is finding 
practical methods to ensure that offsets are real, additional, 
verifiable, permanent, and enforceable. Fortunately, a lot of work 
has been done to develop methods for doing so under a variety of 
programs, both international and domestic, some of them already 
mentioned here today. 

The standards developed under these programs would have to be 
carefully evaluated to determine their compatibility with a Federal 
regulatory offset program, but there is a large body of work to build 
off of. The larger challenge is deciding which types of projects to 
include in a carbon offset program. Generally speaking, emission 
reductions with the lowest uncertainty about their quantification 
and additionality make the best offsets. Projects that capture and 
destroy landfill methane, for example, are highly credible because 
their effects can be directly measured, and there is little uncer- 
tainty about their additionality. Projects that sequester carbon, on 
the other hand, including reforestation, forest management, agri- 
cultural land management, and avoided deforestation projects, can 
be more challenging. This is because, compared to other types of 
projects, their effects can be more difficult to measure; their ref- 
erence cases can be more difficult to establish; they are more prone 
to leakage; and their emission reductions are subject to reversal. 

In most cases, it is possible to compensate for these risks and un- 
certainties. But reducing uncertainty means increasing costs. It 
may be that these added costs can be borne by a carbon offset mar- 
ket, but it is also worth considering whether the climate benefits 
of these projects could be achieved in ways that avoid all the costs 
necessary to certify them as carbon offsets. If such costs could be 
avoided, then more reductions could be achieved for the same ex- 
penditure of resources. 

One way to do this would be to encourage projects with high 
quantification uncertainties through a separate program of direct 
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payments or other kinds of incentives. Unlike offsets, reductions 
achieved through direct payments, for example, would not have to 
compensate for increased emissions at other sources and, therefore, 
would not have to be subject to the same levels of scrutiny in terms 
of measurement, additionality, leakage, and reversibility. 

Further study is needed to determine which types of projects 
might best be encouraged through an offset program and which 
might be better achieved through other methods. In the meantime, 
it makes sense to design policies that keep both options open for 
a variety of emission reduction projects. 

Thank you very much, and I am happy to answer any questions. 

[The prepared statement of Mr. Broekhoff can be found on page 
36 in the appendix.] 

Senator Stabenow. Thank you very much. We appreciate all of 
your testimony. 

Let me first start by really asking a question related to, Mr. 
Broekhoff, what you were saying at the end in terms of being able 
to measure offsets. Obviously, we want to make sure that whatever 
is being done meets the kinds of things you are talking about. It 
is real, it is new, it is additional, it is enforceable, permanent, 
verifiable, and so on. But we have heard slightly different things 
as it relates to forestry and reforestation and so on. And so I am 
wondering if anyone else on the panel, if Dr. Lubowski or Ms. 
Wayburn, you were kind of looking over — from the look on your 
face, I thought maybe there was a little different perspective that 
you had in terms of measuring as we talk about reforestation and 
so on. But I wondered if either of you would want to comment 
about that as verifiable offsets, credible offsets. 

Ms. Wayburn. I would agree with Mr. Broekhoff that these are 
key issues that have to be addressed, and I think that these have 
affected how people think about forests and forest emission offsets. 
However, I think we should draw a distinction between where 
those uncertainties really exist and where they don’t. 

I was suggesting that there is a distinction between what we 
have available in the United States in the way of science and sys- 
tems and good governance that enable the precise measurement, 
that enable the tracking and verification, that enable the trans- 
parency to be able to quantify forest emissions reductions with very 
high certainty. And, indeed, I would say they have to be. The only 
way we can create offsets that are fully tradable is to meet those 
same standards, and I believe we have done that in California, be- 
cause we are now in a pre-compliance market. 

I do agree that uncertainties in measurement exist in forests 
that we do not yet understand and that we may wish to take a dif- 
ferent approach for forests where we cannot measure them as accu- 
rately as we can in the United States and use those systems to 
help buildup, if you will, to the science and institutional credibility 
and governance that will enable the kind of accuracy that we want 
to see in a full trading market. But I believe that we have every 
capacity in this country to meet all of those requirements, and, in- 
deed, in California’s State legislation, AB 32, which sets a cap, all 
of those requirements — real, additional, permanent, verifiable, and 
enforceable — are required and forests are accepted in that regime 
as offsets through early action. 
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Senator Stabenow. Do you believe that it is more difficult from 
an international offset perspective than it is domestically as we are 
looking at forests and offsets? 

Ms. Wayburn. I think we need to do both. This is such a critical 
issue. When we look at the net excess of C02 in the atmosphere 
today, between 40 and 50 percent of that comes from forest loss 
and degradation. That is both in the tropics and here. So we need 
to do both. I am suggesting that we may want to take slightly — 
we may want to take similar but parallel approaches domestically 
and globally so that domestically we have the systems to be fully 
tradable to meet those offset criteria and to do it with all the meas- 
urement and verification down to the very precise 0.01 statistical 
accuracy. And, globally, we may not be able to meet that, so we 
might want to have a different system that we look at which has 
a different kind of discounting approach globally, where what we 
are really concerned about is not so much that precise measure- 
ment on an annual basis and verifying it and visiting it, but we 
are using, for example, remote sensing to see if those forests are 
still there or not and we make direct payments annually to ensure 
that; and that as we buildup the science there, we can have exactly 
the same kinds of systems and perhaps that in the U.S. can help 
inform that globally. But I think we need to do both. 

Senator Stabenow. Dr. Lubowski, you talked also about inter- 
national — the importance of addressing what is happening inter- 
nationally as well as domestically. 

Mr. Lubowski. Yes, and, generally, we think that incorporating 
international forest credits is a tremendous opportunity that should 
not be missed, and it is an opportunity that, you know, we are los- 
ing as we speak. So for that reason, it is very important to get 
those greenhouse gas benefits, which also, you know, have this po- 
tential to offer cost control for U.S. companies and in this way also 
reduce costs for U.S. consumers. 

Going back to the monitoring question, I just first of all want to 
concur that absolutely monitoring and verification have to be done 
and are a key part to ensuring the quality of these offsets. And, 
you know, that is essential for having a robust market where, you 
know, producers can get fair value for their product and also where 
the purchasers can have certainty of what they are buying. 

You were asking about monitoring in the forestry case versus 
maybe in terms of some other offsets from agriculture, and one 
issue here is that for soil carbon, you really have to get into the 
ground to measure it; whereas, forests can more easily be mon- 
itored from space. 

I am not a remote-sensing expert, but I have been told that there 
are some ways you can actually get some idea about soil carbon 
from space. But in the forestry case, this is a lot easier and a lot 
more precise. 

So that is one of the reasons why in my testimony we discussed 
this national accounting system and improved national inventory 
with a potential provision for over time, if we are not getting all 
the reduction from the forest sector that we expected, there might 
be some room for a true-up. 

Conversely, you know, we might get more than we expected, and 
then we — you know, we would not have to worry about that. But 
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the key is that, you know, we can do the monitoring from space 
and also that it is very important to build a program that over time 
will gather more and more data and more and more information 
and have the flexibility that as we get this data, we can then im- 
prove the program, refine the protocols, and make things better as 
we go along. 

Senator Stabenow. Thank you. 

To any of the panelists that want to answer, we will be having 
in front of us a very important work product regarding global 
warming coming before the Senate in June, a very important piece 
of legislation, a lot of work, bipartisan and so on. What would 
you — would anyone want to speak to how you would improve on 
this as it relates to offsets? What do you think would be the — 
whether it is the number, whether the percentage that is in the bill 
right now, or the language in terms of types of offsets, do you feel 
that the language — and I know we will have a substitute or a man- 
ager’s amendment. We will have to take a look at the final lan- 
guage. But do you feel that the language, in terms of offsets and 
the kinds of things, whether it be agriculture or forestlands and so 
on, are broad enough to cover all of the things we are talking 
about? Or do we need to do some work as it relates to the descrip- 
tion of the offsets as well? But it would be helpful to know any sug- 
gestions that you would have. Yes, Mr. Corneli. 

Mr. Corneli. Senator, the comments I will make are about the 
bill as it was reported out of EPW. There is certainly a lot of uncer- 
tainty about what it is going to look like soon. But the two areas 
that we think would be improvements in the bill compared to how 
it was when it came out of EPW would be, first, to make it clear 
that when it comes to offsets, the 15 percent that was allowed for 
compliance for international credits would instead be clearly speci- 
fied that those could be international offsets — a credit being some- 
thing like what is traded as an emission allowance in the EU, not 
an offset per se. We think that is very important. And that would, 
in effect, convert the bill from 15 percent to 30 percent offsets. 

We also think it is very important that the idea of these avoided 
tropical or avoided international deforestation tons be a component 
of the bill simply because the volume of deforestation that is going 
on tropically — I did some math. I think it is 100 square miles a 
day, roughly, of tropical forest that is disappearing and will not 
come back. It is so huge that that is an opportunity that we just 
cannot lose. It has all these other biodiversity and ecological and 
international security benefits. 

And, finally, as a buyer, again, we hate to see some really good, 
cheap stuff go just because people have not figured out how to 
weight it yet. You know, let’s keep it in the bin until we figure out 
what the scale is, and then let’s start buying it pretty quick. 

So we think those are two things that would be fairly straight- 
forward and improvements over the bill as it was in Committee. 

Senator Stabenow. Thank you. 

Mr. Wittman. 

Mr. Wittman. Well, I would like to add one point on the percent- 
age of the offsets that could be coming from the ag and forestry sec- 
tor. We believe that the current number is too low. We would like 
to see unlimited offsets. If this is truly the least-cost alternative 
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out there, and we are not looking at this as a permanent solution 
but, rather, a bridge toward the future where we can get tech- 
nology to come up with solutions for better energy and other 
changes in our systems that reduce emissions, we would like to see 
no limits rather than a 15 percent limit. 

Another area that is very important is the issue of the infrastruc- 
ture you are going to use to implement this. We already have a 
wonderful infrastructure in USDA that can provide a delivery sys- 
tem that has — it has been in the business of creating standards. It 
has been in the business of creating data. It has data out the front 
line. One of the issues that I see of major concern — and this has 
happened in the past as we have added new programs like EQIP 
or CSP — is that we give an existing organization a new mandate, 
and we do not give them any additional resources. We do not pro- 
vide the educational support so that they can implement that. 

USDA scientists have been studying models for years, and our 
organizations have been working very closely with them in testing 
and refining these models. And there is a huge body of work out 
there. And in reference to the issue of measuring and monitoring 
and verification, we share the concerns of others that we must be 
able to meet the rigor of these rules so that they are good quality. 
But a crude measure of the right thing is better than a precise 
measure of the wrong thing. And you are dealing with measuring 
something that can only be measured over long expanses of time, 
because we have variables in rotation systems, we have variations 
in climate, whether ag offsets, whether it is forestry or soil related, 
can never be measured by what happens in 1 year. You have to 
look at long-term trends. 

Another issue is we have a tendency to think that all the an- 
swers to our solutions exist in the United States. There are other 
parts of the world that have been leaders long before us in imple- 
menting no-till. They have data and research that we can 
buildupon and add to our existing scientific data to get to answers 
as to how to do this measurement process. It is available in Europe 
and South America. You have countries that have wholesale adop- 
tion of no-till that are leaps and bounds ahead of the United States 
in terms of their percentage of adoption. 

Our no-till organizations are interacting through international 
networks to tap that information. So I would challenge you in these 
bills to make sure that we clearly define USDA’s role in the defini- 
tion of these standards, and particularly in the measurement proc- 
ess, that they be given some specific directives. For example, one 
is no further funding for a USDA model until they put that model 
in laymen’s language where the user can put their data in without 
converting it to metric information. 

I recognize their need to publish and their scientific disciplines, 
but that industry does not understand today who their customer is. 
No farmer, no politician, no policymaker will stand for trying to 
convert what we produce into metric units and taking 3 hours to 
fill out a data form to test what is happening in sequestration. 

So these are the things that I think the bill could really improve 
upon. 

Senator Stabenow. Thank you. 

Anyone else? 
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Mr. Lubowski. Thank you. Environmental Defense Fund sup- 
ports the version of the S. 2191 bill that came out of Committee, 
but we think an improvement, as I said before, would be to expand 
the international credit provisions to allow for the reduced deforest- 
ation tons, and this is very important for the reasons that have 
been already been mentioned, and especially because this oppor- 
tunity is, you know, disappearing as we speak. And if we don’t take 
advantage of it, we will end up paying for it in two different ways: 
first, we will pay higher costs of complying with our climate legisla- 
tion today, and, second, by not getting Brazil and other countries 
on a path of reducing their deforestation emissions, this potentially 
can make the climate problem worse and have us have to pay more 
in the future to make up for the damage. 

So for these reasons, it is very important to include these credits, 
and I will also add on the monitoring side that Brazil right now, 
through its National Space Agency, has on the Internet a website 
where you can see in real time how deforestation is happening 
across the country. So this can be monitored and verified. 

Thank you. 

Senator Stabenow. Thank you. 

Yes, Ms. Wayburn. 

Ms. Wayburn. Well, I recognize that the version of the bill that 
we have seen has changed markedly, so I am not going to comment 
on the bill as it may exist or may not at the moment. But I would 
like to suggest a couple of things. 

We would support unlimited offsets with the proviso that we 
need to have with that integrated accounting between the offset 
sectors and the cap sectors. And I bring this up because one of the 
most effective ways that forests and agriculture can contribute here 
is to providing sustainable alternative energy. And if what we are 
doing in the forest sector is providing this woody biomass for en- 
ergy and eventually for low-carbon transportation fuels, and we are 
valuing those fuels in the cap, but we are not valuing their produc- 
tion facilities, if you will, the forests and the farms in the cap, we 
could drive very perverse outcomes, because if all we do is value 
the product but not the resource that is producing it, we push for 
more product and we do not have to count for the impact here. And 
we have seen this, unfortunately, in this weakest discussion 
around corn ethanol. When you look at the whole cycle accounting, 
corn ethanol does not pencil out from a carbon emissions reduction 
strategy. And so I think that unlimited offsets I would favor, if as 
noted a moment ago, because I think that as we move the market 
forward domestically in this country, particularly because forestry 
is a global industry, we will pull those markets globally as well. 

I believe there is something called ’’positive leakage," which is if 
I do well by doing the right thing, you may also wish to do that, 
too. And so I think that as we look at trying to incorporate unlim- 
ited offsets, we need to recognize that we need an integrative ac- 
counting between the capped and uncapped sectors so that we don’t 
have perverse outcomes. 

And the only other item that I would like to suggest is that rec- 
ognizing the urgency of halting deforestation in the tropics, we also 
need to recognize the urgency of harnessing America’s opportunity 
to restore our own forest carbon banks. The opportunity here, tens 
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of billions of tons in 50 years, an average of, say, a billion tons a 
year, depending upon what price that you want to use. That is 
going to be adding tens of billions of dollars into this economy for 
revitalizing rural areas across this country that are forest depend- 
ent or creating new jobs in energy. That is very powerful, and that 
will generate the kind of support we need in this country to really 
enact effective legislation. 

Senator Stabenow. Thank you. 

Mr. Broekhoff. 

Mr. Broekhoff. Yes, Madam Chair, I would reiterate what Mr. 
Corneli suggested in terms of recognition of international carbon 
credits, and in particular, credits generated under the Clean Devel- 
opment Mechanism. This is the largest existing regulatory offset 
program in the world today. 

There have been some criticisms of the CDM, I think some rea- 
sonable ones, but I think the benefits of the United States engaging 
with the system probably outweigh the risks, and that is a change 
I would like to see. 

If I might take a moment to say a few words about the inter- 
national forest credit notion and, in particular, addressing avoided 
deforestation through offset credits, I think, you know, clearly if we 
look at the issue of climate change and how we are going to ad- 
dress it, it is critically important to address deforestation globally, 
not just for climate change mitigation but for a whole host of envi- 
ronmental concerns. However, if you are looking at an offset cred- 
iting approach for deforestation, all the kinds of concerns and cri- 
teria I raised in my testimony come up, I think, writ large, in many 
cases. 

So you have to deal with issues of leakage. If you prevent defor- 
estation in Brazil, you don’t want it to simply move to Peru. And 
it is a global issue. If you look at timber markets today, they are 
international and global in scope. They rapidly respond to shifts in 
supply and demand. 

So I think a system like that would have to have a very high par- 
ticipation rate. You would want participation from countries that 
make up probably 90 percent or more of global forest coverage. 

You also need to look at this issue of permanence. If you slow 
rates of deforestation, it does not help if that simply delays the 
point at which all the forests are gone. 

So if you are looking at an offset crediting mechanism, you want 
to make sure that you are crediting against a baseline that actually 
slows, stops, and reverses deforestation. And I think that is impor- 
tant when we are looking at what you credit against in that kind 
of system. 

You also have to have effective monitoring and verification, and 
I understand that there are others here who are probably more ex- 
pert on this than I. Talking with my colleagues, I know we have 
good systems for monitoring forest coverage. I think there are 
greater uncertainties in terms of measuring the carbon that is ac- 
tually in the forests, and we may have to improve some of that be- 
fore you can have quantification levels up to the level of confidence 
we want for an offset crediting program. 

Finally, you need to have institutions and governments capable 
of actually delivering on avoided deforestation and achieving these 
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gains, and doing so in a way that respects community rights. And 
I think to do that you will need some capacity-building efforts prior 
to the implementation of this kind of program to get it going. 

So, again, it is critically important to address, but there are a 
number of ducks that I think you need to get in a row before this 
kind of program might be viable as an offset program. 

Senator Stabenow. Thank you. 

Mr. Corneli. If I might just 

Senator Stabenow. Yes, quickly, and then I am going to turn to 
Senator Crapo. 

Mr. Cornell In the spirit of dialog here between the limits, the 
unlimited, and a lot of ducks to get in a row comments here, one 
idea that may be worth considering in any legislation that might 
help solve all of those issues is to create a bank, if you will, or a 
pool of offsets, an offset reserve much like the old soil bank or the 
original farm commodity programs of some time ago, where the 
idea is to really put large amounts of offsets, whether domestic or 
international in a reserve, so they would be delivered, they would 
be realized, the trees would stop being cut down in as many of the 
rainforest countries as possible, while the quality and verification 
issues are being worked out. And that pool, instead of being sold 
to compliance customers like us, people who want to buy offsets to 
turn in instead of allowances, would be held in reserve and dumped 
into the market or injected into the market through, say, an auc- 
tion in response to allowance prices getting too high. And as all of 
you know, one of the big concerns about S. 2191 is some of the 
model runs that show $77 or $200 allowance prices, well, having 
a reserve like this not of allowances but of actual real offsets whose 
reductions have already taken place could be a way to, A, guar- 
antee environmental quality without borrowing from the future; B, 
assure that prices are stable; and, C, solve some of these very real 
problems while providing ample places for domestic and inter- 
national offsets to go and to get paid for. 

So that is a concept that could be worth considering as well. 

Senator Stabenow. Right. Thank you very much. 

Senator Crapo. 

Senator Crapo. Thank you very much, Madam Chairman. Actu- 
ally, I think you and I were working off the same list. You asked 
a lot of my questions. But, I still have a lot more. 

First, Mr. Wittman, I would like to ask you, if you know — I don’t 
know how thoroughly you have studied the specific text of Senate 
bill 2191. I want to get to the baseline question, though. The base- 
line in S. 2191 is defined as the ’’greenhouse gas flux or carbon 
stock that would have occurred in the absence of an offset allow- 
ance." Now, the question I have is for a farmer like yourself, who 
is already engaging in a practice that is reducing emissions, such 
as direct seeding, would you be eligible for an allowance or an off- 
set under that language. 

Mr. Wittman. The issue is what is the baseline from which we 
are trying to reduce overall emissions. If we are using 1990 as the 
starting point and say, okay, by some future point in the future, 
we are going to reduce from 1990, then everything that people have 
done since 1990 should be given recognition. 
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The reality is that the concerns about additionality and measure- 
ment are going to make it very difficult for me to go back and mar- 
ket the carbon that I have sequestered since 1990. If I have no- 
tilled my farm every year, I am probably sequestering between 0.5 
and 0.75 tons of carbon per year. The problem with not recognizing 
that is that you create perverse incentives for someone, to be eligi- 
ble to cash in on carbon market opportunity. You create the wrong 
incentives to literally plow up soils, and restart the clock so that 
you can become a good person. That is the last thing we want to 
create in our policy structure. 

So our view on this is that we need to look at the continuation 
of a practice like no-till. Even though you have done it for years, 
every year you still have incremental sequestration. There is addi- 
tional good every year that is being added to the pot. It is not done. 
We have all kinds of scientific projections that have said there will 
be some point in the future where we will reach saturation and we 
will no longer sequester more carbon, and if that is the case, then 
I should not be eligible to collect an offset because I am not seques- 
tering incremental carbon. 

So it is both the issue of incremental sequestration as well as 
avoided emissions. The minute I turn around and till soil, I start 
emitting. I send C02 up into the atmosphere. So we need to create 
a policy that encourages not only adoption by new people of a prac- 
tice that works, but avoidance of practices that are going back- 
wards. 

Senator Crapo. Thank you. And I know, Ms. Wayburn, you had 
mentioned additionality as an issue, as well as Mr. Broekhoff, and 
probably all of you. But anybody else want to get in on this issue 
right now, Ms. Wayburn. 

Ms. Wayburn. Well, Senator Crapo, one of the approaches — the 
approach that we suggested and that has been adopted in Cali- 
fornia is something called ’’regulatory additionality." And what this 
does is establish a level playing field for everybody. You work from 
what are existing laws in your State or, in the absence of law, best 
management practices in your State that are recognized. And 
whatever you do above what you are required to do by law and that 
you commit to keeping there qualifies as additional. And that does 
several things. 

No. 1, it recognizes early actors, people who have been doing an 
excellent job, and says thank you for doing that we will reward 
you, and other people will then follow. We recognize that the law 
sets a baseline of common behavior. And so that concept of 
additionality can happen in this country because we do have a reg- 
ulatory baseline or a best management practices baseline which is 
widely identified. 

Senator Crapo. Thank you. 

Mr. Broekhoff. 

Mr. Broekhoff. Yes, this issue of additionality is probably the 
most vexing aspect of a carbon offset program and how you ap- 
proach it. To speak about it conceptually, the idea is essentially 
you want total emissions under an emissions cap-and-trade system 
to be the same whether you have an offset program or whether you 
don’t. When you issue an offset credit, that allows emissions from 
capped sources to go up. So in order to keep net emissions the 
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same, you have to give credits to reductions that would not have 
happened if you didn’t have a carbon offset program. And if you are 
giving credits for reductions that occur from activities that someone 
was going to do anyway, they had been doing for years, it made 
sense anyway, in effect you are undermining the integrity of your 
emissions cap. 

Now, I realize that creates all kinds of difficulties and problems, 
so I think there are some practical ways to approach additionality. 
Regulatory additionality may be one component of that. Probably 
in some cases for some types of projects, you need to go beyond just 
the regulatory piece of it. But it does become difficult to give credit, 
even though that may seem unfair, for activities that have been 
going on for years and would likely continue into the future with- 
out an offset program. 

Senator Crapo. Thank you. 

Anybody else. 

Mr. Lubowski. Thanks. The point about rewarding people that 
are already doing the right thing is important in the sense that we 
definitely don’t want to create perverse incentives for people that 
have been doing the right thing now to not do it in order to then 
be able to get credits. So it is very important to address this, and 
there are different ways it could be done, including potentially 
through, you know, using the allowances that have been reserved 
for the agriculture and forest sector, and there are other options as 
well. So this is an important issue to deal with. 

In terms of additionality, there are very detailed guidelines al- 
ready developed to deal with incalculate baselines for individual 
projects, you know, depending on the type of project and type of ac- 
tivity. In addition to this project level work, we think it is very im- 
portant to do very good monitoring and accounting of the overall 
sector, to get an idea overall nationally what we are getting, and 
then be able to use this data to then go back and improve the 
project level standards and protocols. 

In terms of the tropical deforestation, there what we have been 
advocating is for the largest emitting tropical countries, there is no 
indication that deforestation is decreasing. If anything, the recent 
experience shows that it is going up. 

So we have been advocating using historic data on deforestation 
rates over, you know, a historic period and then crediting national 
level reductions below these historic rates as our definition of ’’addi- 
tional," and especially if you look at it at the national scale, you 
know, you don’t have this within-country leakage issue. There still 
is, of course, what Mr. Broekhoff alluded to in terms of potential 
leakage internationally. So, you know, the solution to this is get- 
ting at least the biggest emitting countries on board, you know, 
and creating a process to try to encourage as many other countries 
to join into the program. 

Thank you. 

Senator Crapo. Thank you. 

Mr. Wittman, again, do you and the organizations that you have 
been working with support the allowance of international forest 
carbon credits to be utilized in the United States? 

Mr. Wittman. Do we? 

Senator Crapo. Yes. 
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Mr. WlTTMAN. I think our organizations generally would support 
a combination of domestic and international. As a massive user of 
energy and fully aware of the implications to fertilizer costs and 
energy costs, it is important to us and the consumers that buy our 
products to not have economic shocks that we can’t stand. So as 
long as international projects are verifiable — and I will recognize 
the Clean Development Mechanisms that exist — there are those 
that say if you are going to rely on international projects and they 
meet those standards, those are tougher than many of the things 
that we have existing in the U.S. today. 

So I don’t think we should be so concerned about the quality of 
international offsets if they are only allowing those to qualify that 
meet those clean development mechanism standards today. 

Senator Crapo. I know an argument has been made that inter- 
national offsets would be less expensive than domestic offsets. Is 
that generally agreed? I see yeses and noes, so maybe I ought to 
ask the question. The question that I am getting at is that — I guess 
there are several issues here to weave together. One is if we allow 
international offsets, should they be capped? If they are allowed 
and if they are capped, again, should the domestic offsets be 
capped similarly, or should domestic offsets be treated differently? 
In the context of this question, what kind of an impact on the mar- 
ket price allowance would international offsets would cause. 

I know that is a very complex question, but would any of the wit- 
nesses care to comment on the issue in general and how we should 
approach it? 

Mr. WlTTMAN. I would like to just add to what I said on that. 
There is a real concern that if we just allow people in the U.S. to 
go the cheapest place in the world elsewhere and buy low-cost 
projects, that we will not really affect the emissions reductions that 
we are trying to achieve. It won’t be painful enough. 

If we have an unlimited cap on domestic offsets, I think we are 
protecting the opportunities for economic investment in the U.S. 
first. And maybe to be conservative, we should have some cap on 
international. But I don’t think we should stop with the inter- 
national as long as we make sure that the standards those projects 
have to meet are as rigorous as anything we would do in the U.S. 

Senator Crapo. Anybody else want to comment on that, Mr. 
Corneli. 

Mr. Corneli. I think that these are very tricky issues, and the 
insights that are out there, many of them come from modeling ex- 
ercises that make their own assumptions about the costs of domes- 
tic and international offsets. 

So with the proviso that my view is somewhat informed by these 
models and that they may be wrong, I will go ahead and say it 
looks like the domestic offsets get more expensive more quickly 
than the international ones, and that that means that if you were 
to rely on domestic offsets to moderate prices — and I think this is 
consistent with what Mr. Wittman just said — you would see higher 
prices for allowances, and they could be so high that they could — 
the allowance prices themselves could have these effects of causing 
people to use a lot of natural gas instead of coal in power produc- 
tion, driving up the price of natural gas for consumers and fer- 
tilizer manufacturers. 
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So to avoid that problem, it would probably be useful to allow a 
fair number of international offsets, especially the ones that are 
likely to be lower cost, such as the avoided deforestation ones, and 
understanding that those may be more expensive in terms of all 
the risks and transaction costs that we really don’t know about yet. 

So what that suggests is that if there was a limit on domestic 
offsets, it might not be hit. If there was a limit on international off- 
sets, it might be hit. The domestic one might not be hit because 
the market price would not be high enough to turn on all of the 
domestic ones that are available. 

Senator Crapo. I understand. 

Yes, Ms. Wayburn. 

Ms. Wayburn. I think that we just do not know at this juncture 
which is going to be more or less expensive, and I think one key 
reason for that is that, in our experience doing these projects, we 
have what we would call an all-in approach. Starting from the be- 
ginning, we have paid for the long-term security, we have paid for 
the monitoring, we have all of those costs built in from the begin- 
ning; whereas, in many of the CDM projects and the international 
projects, the initial costs are there, but not the long-term costs. 
And the question of how much transaction cost that will add over 
time is at this point unknown. 

What I would say is that in our experience in selling these offsets 
in a pre-compliance market — so this is where people are counting 
on these to meet their requirements under law — our prices are be- 
tween those of the Chicago Exchange and those in Europe. And 
they are equal or less than those we are seeing on CDM. 

Senator Crapo. Thank you. 

Mr. Lubowski, quickly, if you 

Mr. Lubowski. Yes, quickly. I will just say that it is important 
to note that the version of S. 2191 that came out of Committee also 
has a provision for a Carbon Market Efficiency Board that would 
have various powers, including the power to adjust limits on off- 
sets, if appropriate. And some people argue that there should be no 
offsets; some people argue there should be unlimited offsets. I think 
the key thing to keep in mind is that we should have a system of 
checks and balances where you have very good data and are able 
to assess, you know, the quality of the offsets over time and have 
flexibility to, based on this real information and good data, deter- 
mine which offsets should be let in, how many should be let in, and 
be able to have flexibility to do this as the data comes online. 
And — I will leave it at that. Thank you. 

Senator Crapo. Thank you. 

Madam Chairman, I do have one more question, if I could ask 
it. 

Senator Stabenow. Yes, you may. 

Senator Crapo. I cannot resist asking this question since this is 
the Forestry Committee. It deals with forest fires, and the question 
is, how do you contemplate that we weave in the issue of healthy 
forests in terms of the context of forest fires into this whole debate? 
And let me just say a few things, and I would love to hear statistics 
or information that any of you have, or ideas here. But as I under- 
stand it, the record forest fires and rangeland fires that we saw 
last year caused immense emissions, in fact, my understanding is 
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the emissions caused by these fires far exceed that of any other 
sources of emissions, or at least the transportation sources of emis- 
sions that we have in this country. So it is a huge emissions source, 
yet there is also a great debate going on as to whether or not we 
should let fires burn or not in terms of the proper management 
practices in our forests. So once again, the way we deal with it in 
the context of global warming raises, to me, a phenomenal set of 
difficult issues. 

I know that is a huge question, but it has got to be one that peo- 
ple have struggled with as we deal with this in the context of for- 
ests. 

Ms. Wayburn, do you want to start out there, or Mr. Wittman. 

Mr. Wittman. Go ahead. 

Ms. Wayburn. Well, I think that is an excellent question, and it 
is one that gets more pointed as we look at what climate change 
is predicted to do to forests. And I would like to suggest there are 
several ways to approach it. 

No. 1, the primary incidence of fire is on our public lands, not 
our private lands. And what I was suggesting in my remarks is 
that we focus the market and offsets on private lands, not public 
lands. I think we want to establish a goal for public lands that 
looks at managing these forests for their greatest adaptation and 
resilience in climate change because of the increased stress that cli- 
mate change brings. 

Now, that may, in fact, mean much more management on these 
lands than what we have been experiencing in order to reduce 
those fuel loads, in fact. And so for that long-term environmental 
gain in re-injecting, if you will, resilience into these forests, we 
would have increased management to do that. 

On private lands, where the incidence of fire is so much smaller, 
I think what you are looking at is what is your insurance system. 
How do you have — it is really a contractual issue, but if I have sold 
you 100 tons of carbon emissions reductions, I have got to guar- 
antee those against all sorts of natural risks. And so in our buy- 
sell agreement, we need to have a provision for that, and I can tell 
you that buyers have very, very strong provisions around that. 

So there is a buffer system there that is required. Whether it is 
individually or whether it is pooled, whether it is Government- 
backed, there is a buffer system. 

So I think the question of fire can, in fact, be dealt with, and it 
needs to be dealt with over the long term, and it particularly needs 
to be addressed to our public lands to restore resilience and adap- 
tation to these lands. 

Senator Crapo. Thank you. My time has far expired, but, Mr. 
Wittman, if you could be very quick. 

Mr. Wittman. You hit a hot button with me because we manage 
forests, private forests, and we are right next to publicly managed 
forests. We plant almost 9,000 trees every year. We selectively log 
our forests. And when we get done, we have a fully stocked forest. 

The role that many of us have here is not only managing carbon, 
but we are trying to educate others on this whole issue. One of the 
challenges we have had is getting people to see: “what products we 
have to sell in a carbon portfolio market?” Just last week, we were 
engaged in this debate with some foresters. They are interested in 
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getting into carbon trading. Their questions are: “What do we have 
to sell?” And I said, “You have three different kinds of products: 
you have reduced-emission products, you have avoided-emission 
products, and you have offsets through sequestration.” They said, 
“Well, what does that mean?” Here is what this means. 

A reduced-emissions project would be going to a chipping oper- 
ation and chipping slash piles and sending it to a power plant in- 
stead of lighting a match and sending that carbon into the atmos- 
phere. Now we are producing renewable energy from limbs instead 
of sending this smoke up in the air and doing no good at all. That 
is reduced emissions. 

Avoided emissions is being able to go out and selectively log a 
forest so that when you do have a fire, it burns limited residue on 
the ground, but it does not totally destroy the forest, and it does 
not burn up 8 inches of organic matter and turn your ground ster- 
ile. 

So once they put language to carbon concepts they can under- 
stand at the layman level, they start thinking of all the things we 
can do, and I think that is a message that we probably have not 
talked about enough today. We underestimate the potential of our 
American entrepreneur to create solutions. 

If I am allowed to be a prophet for about 30 seconds, I will say 
that the cost of this whole climate change legislation will never be 
as bad as what we think it will be. American ingenuity will create 
solutions that we never imagined. Once we educate people on the 
opportunities and how they can participate and we scare them with 
the threats of how bad the costs can be, I think we will see solu- 
tions coming out of the woodwork that we never would have imag- 
ined. 

Senator Crapo. Thank you. 

Senator Stabenow. Thank you very much. 

Senator Klobuchar. 

Senator Klobuchar. Well, thank you much, Madam Chair, and 
thank you to all the witnesses. A lot of the questions have been 
asked, but I will forge ahead. 

You know, I am on the EPW Committee and an original cospon- 
sor of the Lieberman- Warner bill, and I feel strongly that we 
should not wait a year to act. I was in Greenland last summer and 
saw the water melting off these humongous icebergs. They call it 
the ’’canary in the coal mine of climate change." And you have laid 
out some of the arguments that we have heard, Mr. Wittman, 
against the bill, and we know there are always changes that we 
can make to make it better. 

But what I was most interested in was, Mr. Corneli, not just be- 
cause you have a Minnesota connection, but your testimony and 
where you freely said that your company produces 7,000 megawatts 
of electricity from coal-fired power plants in addition to the natural 
gas and oil and nuclear plants that you operate and that you are 
the seventh largest emitter of C02. 

Are people surprised when you go out and speak, are they sur- 
prised to hear you advocating for climate change legislation? 

Mr. Cornell Not so much anymore. 

[Laughter.] 
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Mr. Cornell We look at this, as many in the utility or power 
industry do, as fundamentally a problem of technology. When it is 
free to put carbon in the air, people will do it. You know, why 
would you not do something that does not cost anything when you 
are making a business decision and your competitors are all mak- 
ing business decisions? So we have not really had any powerful in- 
centive as an industry or as a company to find something else to 
do that either will not emit the carbon or that will capture it and 
keep it from going into the atmosphere. 

Like Mr. Wittman, we think that when there is a price signal, 
and also when there are also other complementary policies that 
will help support the kind of technology development we need, that 
people will very quickly — engineers at GE, another member of 
USCAP, General Electric, by the way; at Siemens, another member 
of USCAP, the companies that make this stuff, the companies that 
build this stuff, and the companies that buy it and use it — will all 
very, very quickly figure out how to take the carbon out of things 
like the power sector and how to keep using coal in a way that 
keeps the carbon out of the atmosphere. 

And so we think that that is sort of like we are part of the solu- 
tion — I mean, we are part of the problem. We have to be part of 
the solution. Policies have to change the technology. And I think 
the same thing applies to the offset business. We have to get a 
clear signal to use the forest sinks, the soil sinks, the avoided 
greenhouse gas emissions that cannot easily be regulated, get peo- 
ple innovating about those, and the answers will come out of the 
woodwork, and we will be surprised at how quickly and effectively 
we can get there. 

Senator Klobuchar. One of the things I have been noticing, you 
say our country developed the wind technology, but now we have 
been leapfrogged by two or three other countries in terms of them 
getting there first in terms of the number of turbines and what 
they are doing. Could you talk a little bit more — I know you talked 
earlier about the urgency of this and the lost investment and kind 
of the delay that, in fact, what I am starting to believe is because 
the people of this country and the entrepreneurs know we are 
going to do something, they are actually holding back until we do 
something. Is there some validity to that? 

Mr. Corneli. I believe there is. It is very hard to sink a lot of 
money — a new power plant costs several billions of dollars. A new 
auto production line probably costs something like that. Engineer- 
ing a new electric battery so that low-carbon or no-carbon power 
plants could provide electricity with zero carbon to cars, to con- 
sumers’ cars, so they would not have to buy $4 gasoline — those 
things cost a lot of money, and people will hesitate to spend that 
kind of money until they know they can get it back in terms of sell- 
ing goods and services. And so there really is this sort of leashed- 
up demand here. 

I think what we are — you know, there is a lot of fear — China is 
the usual sort of suspect — about we are exporting jobs to China if 
we regulate C02. There is another 

Senator Klobuchar. And how do you respond to that? 

Mr. Cornell Well, part of that is that we have to lead in fig- 
uring out how to do this so cheap that they want to buy it. But 
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there is another big risk, which is there are people, there are many 
companies in China figuring out how to make low-carbon tech- 
nologies that they can sell here. And there is a global race in terms 
of decarbonizing, inventing, innovation, and America is the greatest 
economy in the world, the greatest source of innovation and cre- 
ative thinking in the world. As soon as we get a market system 
that will turn that on for solving carbon stuff, we will win that 
race. But if we wait too long and other countries get ahead of us 
in the race to low-carbon technologies 

Senator Klobuchar. Thank you. 

Does anyone else want to respond to the China argument that 
we often hear, Mr. Wittman. 

Mr. Wittman. I have a concern, and this is fed to me constantly 
by my children, who are much better educated than I am, that we 
spend too much time blaming China and India for being part of the 
problem when, in fact, we need to look at our consumptive patterns 
in the U.S. and consider the fact that India and China simply want 
to grow the right to build their eating habits and standard of living 
like we have. We are the model. And if everybody in this room 
went through the process of doing a carbon footprint and we start 
studying the impact that we have on global resources, I don’t think 
there is a single person in here who would not change some behav- 
ior tomorrow. But the first step in changing or correcting a problem 
is understanding or creating an awareness of how you are person- 
ally part of that problem, whether you are an individual or whether 
you are a business. We are not going to change China’s and India’s 
demand for resources. They don’t use a fraction of what we use yet, 
and while their growth is increasing, the level per person is no- 
where close to the United States. 

So I agree with the concept that we go back to becoming world 
leaders in crafting solutions, making it so successful that they will 
want to copy us like they have copied everything else, and they will 
follow us in making environmental change. 

Senator Klobuchar. Thank you. 

Mr. Broekhoff. 

Mr. Broekhoff. Just following up on that and turning that 
question a slightly different way, if you look at this question of 
international carbon offsets and the Clean Development Mecha- 
nism, this is an offset program that clearly we are not participating 
in, but it has already created opportunities for U.S. companies in 
developing countries. The United States is actually second only to 
Japan in terms of being the source of technologies that have been 
deployed in these energy-efficient, renewable energy projects in de- 
veloping countries, including China, so that, you know, the benefits 
and risks can go both ways. 

Senator Klobuchar. Thank you. I want to follow up with some- 
thing else, Mr. Broekhoff. In your testimony you talked about the 
problem with measuring how much additional carbon is stored in 
the soil with tree plantings and grass plantings, and you said that 
it is difficult to measure whether it is verifiable. 

I know there were provisions in the 2002 farm bill and we have 
some similar provisions in the 2007 farm bill that require USDA 
to study the potential for soil carbon sequestration. Could you tell 
me a little bit about the research that you alluded to or the lack 
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of research and where the shortcomings are, and what do you see 
as the highest research priorities going forward? 

Mr. Broekhoff. Well, let me try to clarify my argument. I am 
not arguing that we do not have the technology or the scientific 
knowledge to verify with some accuracy the carbon that is seques- 
tered in soils or trees. I think you can employ methods that do that 
with a high degree of accuracy. However, it is harder to do than 
it is for certain types of other projects that could be used as offsets. 
So if you are talking about landfill methane, for example, you cap- 
ture methane coming out of the landfill and run it through a flare 
or use it to generate electricity, you can measure how much meth- 
ane you are capturing with a flow meter with a high degree of ac- 
curacy, and at low cost. 

Turn to something like soil carbon sequestration, and the meth- 
ods you use to try to get to that same level of accuracy entail a lot 
more costs, relatively speaking. So it is a relative argument. 

And the issue basically boils down to there being more kinds of 
overhead costs like that for many of these kinds of agriculture and 
forestry projects than for other types of projects. 

Senator Klobuchar. Thank you. 

Any thoughts on hybrid trees? I visit all 87 counties in my State 
every year, and my most memorable visit to Crookston recently 
was that the highest tree in Crookston was only like 8 years old 
or something. It was a hybrid poplar in the back of Wendell Peter- 
son’s yard. 

And so, Ms. Wayburn, do you have any thoughts on that and the 
development of that and if that is a possibility as we look into, you 
know, more trees and more forests and how we could handle these 
things in terms of the global warming issue? 

Ms. Wayburn. I think agricultural approaches to forestry make 
a lot of sense. But I think at the same time, we want to recognize 
the role of managing our natural forests effectively as well, and 
that those gains perhaps are more sustainable, and they are cer- 
tainly more realizable in the near term. 

I had my hand up just to offer an anecdote of how we can posi- 
tively affect China through what we have done in California with 
forests. Now in Fujian Province in China, they are looking at nat- 
ural forest management as a tool in their own carbon emissions re- 
ductions as opposed to what they have been looking at before, 
which was a very intensive industrial forest management policy, 
and looking at the net gains that they were making in climate 
through natural forest management and meeting their timber and 
product supply needs. So that was a positive leakage example of 
developing something here and using it and having it work in 
China. So I would support that. 

But the notion of can we use hybrids, can we use genetic modi- 
fications, can we use fertilizers, all very much more agricultural 
approaches in forestry, I think the answer is yes. We just need to 
look at the total carbon budget and what the side effects are. Be- 
cause if we are going to look at things like crop switching, which 
is what I would suggest hybrid poplar might well be, that might 
make more sense than, for example, something like cotton. 

Senator Klobuchar. OK. Any other thoughts? 

[No response.] 
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Senator Klobuchar. All right. Well, thank you very much. I ap- 
preciate it. 

Senator Stabenow. Well, thank you very much to each of our 
panelists. I think we have exhausted our time today, but we have 
learned a lot, and I appreciate very much your comments as we ex- 
plore ways to be able to use offsets in a way that is measurable, 
quality, permanent, all of the things that we have talked about 
today to really be able to allow us to expand upon the effectiveness 
of a cap-and-trade program. And I appreciate all of the ideas as 
well. 

I think it is an exciting time for us. There is a lot of work to do. 
Coming from a State that is not only a great agricultural and for- 
estry State, but we are proud of making automobiles, you may have 
heard, and manufacturing. And so there are lots of pieces of this. 

And I have to say on a side note that in addition to working on 
this issue and on the farm bill, which is very important in terms 
of the energy and conservation provisions, we also have a budget 
resolution on the floor that we hope to be voting on this evening 
or tomorrow that has a green-collar jobs initiative with new dollars 
in it for advanced battery technology and conservation and energy 
efficiency and other areas that are very important, and tax provi- 
sions that we have been trying very hard to get passed, get passed 
a filibuster, to be able to incentivize a number of different tech- 
nologies that need to be happening. 

Coming from that manufacturing State, I have to say, though, 
just a note on China and our Asian neighbors, and that is, they are 
rushing on technology. When the first Ford Escape hybrid was 
placed into the marketplace — and we are very proud of the first hy- 
brid SUV — they could not find a battery in the United States. They 
had to buy it from Japan. 

So the budget resolution that we have that includes an aggres- 
sive amount of money, new investment in advanced battery tech- 
nology, is critical because China is spending hundreds of millions 
of dollars, as is Japan, as is South Korea, and we certainly do not 
want to be in a position where we go from dependence on foreign 
oil to dependence on foreign technology. 

So I think the rush is on, and in addition to all of the issues that 
deal with what is happening with our forests and open spaces, the 
rush is on for us to act quickly and effectively. And we thank you 
very much for your input. 

[Whereupon, at 4:25 p.m., the Subcommittee was adjourned.] 
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Executive Summary 

Carbon offsets can be an effective tool for lowering the costs of compliance in a cap-and-trade 
program, and are already being widely used internationally to comply with greenhouse gas 
emissions targets. To function well and maintain the integrity of a cap-and-trade system, carbon 
offsets must adhere to certain basic criteria and standards defining how they are quantified and 
certified. A number of programs around the world have begun developing such standards, but 
these standards would have to be carefully evaluated before being adopted under a U.S. 
regulatory program. Carbon offsets can come from many types of projects that reduce or 
sequester emissions. Some types of projects face higher quantification uncertainties than others, 
however, necessitating higher transaction costs in certifying the offsets they generate. These 
projects include certain types of forestry and agriculture carbon sequestration projects, which arc 
subject to greater measurement and baseline uncertainties, reversibility, and leakage compared to- 
other projects. It may be preferable in some cases fund these projects using direct payments 
rather than an offset market, in order to avoid costs of reducing uncertainties and lower the total 
cost of achieving emission reductions. 


What are carbon offsets? 

A “carbon offset" is a reduction in greenhouse gas (GHG) emissions that is achieved to 
compensate for, or “offset," GHG emissions occurring at other sources. 1 In a cap-and-trade 
system, carbon offsets allow emissions from regulated sources to increase above levels set by the 
cap, on the premise that those increases arc compensated by reductions achieved at unregulated 
sources. Because reducing emissions at unregulated sources is often less costly, carbon offsets 
can lower the total cost of achieving an overall net emissions goal. 

In an emissions market, carbon offsets can be traded in the form of certified “credits” or "offset 
allowances." One credit usually denotes a reduction in GHG emissions equivalent to one metric 
ton of carbon dioxide (COj). The terms "offset credit,” "offset allowance,” and “carbon offset" 


' Dccausc the effect of greenhouse gases Is global, it does not mailer where they are reduced Carbon offsets can also 
involve the removal of COj (the primary GHG responsible for climate change) from the atmosphere by activities 
that sequester carbon, including tree planting. 
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arc often used interchangeably. In most cases, offset credits are issued for reductions achieved by 
specific projects, i.c., “offset projects”. In order to receive credits, the project owners must 
demonstrate that they have reduced emissions according to predefined rules and procedures. In 
principle, a wide variety of projects can generate carbon offsets. Examples include, but are not 
limited to: 

• Capturing methane created by landfills and flaring it or using it to produce energy (thus 
displacing fossil fuel combustion); 

• Installing equipment at chemical factories to capture and destroy industrial GHGs, such 
as MFCs or NjO. 

• Switching from high carbon-intensity fuels (e,g., coal) to fuels with low or zero net 
carbon emissions (c.g., biofuels) for energy production or transportation. 

• Improving the efficiency of energy production from fossil fuels, c.g., by upgrading 
commercial or industrial boilers, or exploiting opportunities to combine the production of 
heat and power. 

• Deploying equipment or appliances that use less energy (e g., high-efficiency air 
conditioners or fluorescent light bulbs) and reduce demand for fossil fuels. 

• Planting trees or adopting forestry or land management practices that remove carbon 
dioxide from the atmosphere and sequester it. 

Globally, markets for carbon offsets have grown rapidly over the last five years (Figure I). The 
largest of these markets was created by the “Clean Development Mechanism” (CDM) 
established under the Kyoto Protocol. Through the CDM, emission reductions in developing 
countries can be used to offset emissions in industrialized countries, whose total emissions are 
capped by the Kyoto Protocol. The CDM effectively allows industrialized countries to achieve 
their emissions targets through a combination of domestic and foreign reductions. The CDM is 
also envisioned as a way to help less developed countries grow sustainably through the transfer 
and deployment of beneficial technologies and practices. A separate Kyoto Protocol mechanism, 
called “Joint Implementation” (Jl) recognizes carbon offsets from projects in industrialized 
countries. 
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Figure I. Annual Volumes of Carbon Offset Transactions in Millions of Tons of Carbon 
Dioxide Equivalent 



A separate global market for carbon offsets has arisen to meet voluntary demand for GHG 
emission reductions. The voluntary offset market is driven by companies and individuals seeking 
to help avert climate change outside any regulatory obligation to do so.' Although this market is 
growing rapidly, it has struggled with a proliferation of different standards and lack of consistent, 
guidance on what constitutes a credible offset. 5 


What are the basic requirements for carbon offsets? 

To have a functioning market for carbon offsets, clear rules and procedures are required defining 
their creation and certification. Although these rules and procedures can differfrom program to 
program, most of the literature on carbon offsets refers to a core set of basic criteria, derived 
from criteria established under the 1977 Clean Air Act. Specifically, offsets must be “real, 
surplus (or additional), verifiable, permanent, and enforceable" in order to maintain the integrity 
of an emissions trading system 1 * * 4 Interpretations of these criteria vary, but their essence can be 
summed up as follows: 


1 Hamilton, k, tied. 200S. Forging a Frontier Stole of the Voluntary Carbon Markets 2008. Ecosystem 

Marketplace and New Carbon Finance hnn.//ecosvstemmarke«place com/ 

’ Ibid.; KoUrmus, A-, et al , 200S. Making Sense of the Voluntary Carbon Market .4 Comparison of Carbon Offset 
Standards. World Wildlife Fund, Germany. 

4 The concept of air emission offsets originated under the “New Source Review" program established by the United 
Slates Clean Air Act of 1977. Under this program, offsets are required to be "real, creditable, quantifiable, 
permanent, and federally enforceable." These basic criteria have been modified and adopted in general form under a 
variety of other offset programs, including programs for carbon offsets. Current carbon ofTset programs (including 
for example, the one established by the Regional Greenhouse Gas Initiative in ibe Northeastern United States) 
generally requite that offsets must be “real, surplus, verifiable, permanent, and enforceable" oe some clow variation 
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Real 

An offset credit must represent tin actual net emission reduction, and should not be an artifact of 
incomplete or inaccurate emissions accounting. In practice, this means methods for quantifying 
emission reductions should be conservative to avoid overstating a project's effects. It also means 
that the effects of a project on GHG emissions must be comprehensively accounted for . 5 Some 
projects may reduce GHG emissions at one source, for example, only to cause emissions to 
increase at other sources. A frequently cited example would be a forest protection project that 
simply shifts logging activities to other forest land, causing little net decrease in carbon 
emissions. Unintended increases in GHG emissions caused by a project arc often referred to as 
“leakage.” For carbon offsets to be real, they must be quantified in ways that account for 
leakage. 

Additional 

Only emission reductions that are a response to the incentives created a carbon offset market 
should be certified as offsets. Reductions that would occur regardless of an offset market (e.g., 
those that result from "business as usual" practices) should not be counted. The rationale for this 
is straightforward. The basic premise of carbon offsets is that they maintain net GHG emissions 
at a level set by a trading system's cap. Total emissions should be the same with or without an 
offset program. Since offset credits allow regulated sources in a cap-and-tradc system to increase 
their emissions, offset reductions must be “additional" in order to maintain net emission levels. 
Crediting reductions that would happen anyway will result in higher total emissions than a cap- 
and-trade program without offsets. 

Although this general concept (called “additionality") is straightforward, it is vexingly difficult 
to put into practice. Determining which projects (and therefore which reductions) would not have 
occurred in the absence of an offset market is frequently challenging and always subjective. 
Within existing carbon offset programs, there are two basic approaches to determining 
“additionality”: project-specific and standardized 4 

Project-specific approaches seek to assess, by weighing certain kinds of evidence, whether a 
project in fact differs from an imagined baseline scenario where there is no carbon offset market. 
Generally, a project and its possible alternatives are subjected to a comparative analysis of their 
implementation barriers and/or expected benefits (e.g.. financial returns). If an option other than 
the project itself is identified as the most likely alternative for the baseline scenario, the project is 
considered additional. The Kyoto Protocol’s CDM requires project-specific additionality tests. 


thereof. See, for example, Liepa, t., 2002- Greenhouse Gas Offsets An Introduction to Core Elements of an Offset 
Ride Climate Change Central, Alberts. Canada. 

’ For a full elaboration of quantification and accounting principles for offset projects, see World Resources Institute 
and World Business Council fix Sustainable Development. 2005. The Greenhouse Gas Protocol for Project 
Accounting. Washington, D.C. / Geneva, Chapter 4. Available at hltDit/Mrww.aheixotocol.oey . 

* International Emissions Trading Association, 2007. ExparuAng Global Emissions Trading. Prospects for 
Standardised Carbon Offset Crediting Prepared by World Resources Institute, Washington, DC. 
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Standardi^d approaches evaluate projects against objective criteria designed to exclude non- 
additional projects and include additional ones. For example, a standardized test may count as 
“additional" any project that: 

• Is not mandated by law 

• Is not a “least-cost” option (objectively denned) 

• Is not common practice (objectively defined) 

• Involves a particular type of technology 

• Is of a certain size 

• Is initiated after a certain date 

• Has an emission rate lower than most others in its class (e.g., relative to a performance 
standard) 

Several U.S.-based carbon offset programs (including the California Climate Action Registry, 

(he Chicago Climate Exchange, and the Regional Greenhouse Gas Initiative) have adopted 
standardized additionality tests. It is also possible to combine project-specific and standardized 
approaches. 

Verifiable 

Carbon offsets should result from projects whose performance and effects can be readily 
monitored and verified. Verification is necessary to demonstrate that emission reductions have 
actually occurred and can therefore be used to ofTset emission increases at regulated sources. 
Verification helps ensure that offset reductions are “real” and not overestimated. Because of the 
importance of maintaining net emissions levels within a trading system, projects whose effects 
arc difficult to verify - or whose effects cannot be measured with reasonable precision - may not 
be suitable for generating carbon offsets. 

Permanent 

Since emission increases arc effectively permanent (e.g., fossil fuel emissions cannot be put back 
in the ground), offsetting emission reductions should be permanent as well. Permanence is only 
an issue where the effects of a project can be reversed, such as forestry projects where carbon 
stored in trees or soils can be released to the atmosphere due to fires, harvesting, or other 
disturbances. In these cases, a mechanism is required to make reversible reductions/removals 
functionally equivalent to permanent reductions for the purpose of issuing offset credits. There 
arc at least three possible ways to do this: 

1 . /.in ting credits on a discounted basis. For example, only one credit is issued for every 
two tons of CO; sequestered in trees or soils. 7 Although this approach has been proposed 
in the literature,' it has not been put into practice within existing offset programs. 

2. Issuing temporary or expiring credits. Credits for reversible reductions can be made to 
expire at a predefined date, or canceled if verification indicates that a reversal has 
occurred. In both cases, the holder of the credits would have to procure other credits or 
allowances in order to remain in compliance with the cap-and-lradc system. This 
approach has been adopted by the CDM for reforestation and afforestation projects. 


There an different wayi to calculate the discount. Under most proposals, a discount would be given based on how 
long carbon is expected to be sequestered relative to its average residence time in the atmosphere (e.g, 100 years). 

1 For example, see F earns hie, P.M . 2002. "Why a 100-year lime horiam should be used for global warming 
mitigation calculations." MiligalKm and Adaptation Strategies /or Global Change “(l): 10-30. 
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3. Establishing an insurance or buffer system. Buyers or sellers of reversible reductions 
could be required to buy "insurance” in some form to compensate for reversals, or 
establish carbon sequestration buffers that serve the same function. There are many ways 
these mechanisms can be structured, and they may be combined with requirements for 
landowners to commit to maintaining carbon stocks over the long term (e.g., through 
easements). The U.S. Regional Greenhouse Gas Initiative has adopted this approach for 
reforestation projects. 

It is worth noting that all of these mechanisms have the effect of either increasing costs for 
project developers or reducing the amount of compensation they receive per ton of emissions 
reduced or removed from the atmosphere. 

Enforceable 

Carbon offsets should be backed by regulations and tracking systems that define their creation 
and ownership, and provide for transparency. Clear definitions of ownership are essential for 
enforceability. For example, both the manufacturer and the installer of energy efficient light 
bulbs might want to claim the emission reductions caused by the light bulbs - as might the 
owners of the power plants where the reductions actually occur. Regulatory rules must establish 
who has claim to emission reductions, who is ultimately responsible for ensuring project 
performance, who is responsible for project verification, and who is liable in the case of 
reversals. 


How cart these requirements be realized? 

To create a functioning market for carbon offsets, the criteria outlined above must be elaborated 
in set of standards and those standards administered by a regulatory body responsible for 
certifying and issuing offset credits. Standards are required to create a carbon offset 
"commodity” that is as uniform as possible, i.e., one offset credit equal to one ton of 002 - 
equivalent emission reductions regardless of where it is sourced. Three related sets of standards 
arc necessary to fully define a carbon offset commodity:'' 

1. Procedural and technical standards. These ore standards related to the validation, 
monitoring, and verification of offset projects, as well as the certification and crediting of 
GHG reductions. Procedural and technical standards ensure that offsets arc verifiable. 

2. Contractual standards. These are standards for the establishment and transfer of 
property rights related to carbon offsets, for information disclosure, and for the 
assignment of liability. They can include terms for payment and delivery, allocation of 
risk, and compensation where emission reductions are reversed or not realized. 


' In addition lo establishing these standards, many carbon offset programs will impose eligibility criteria for offset 
projects attended to ensure that they are compatible w ith goals beyond simply reducing GHG emissions. Eligibility 
criteria may exclude certain types of projects based on secondary environmental or social concerns (e.g., nuclear 
waste, or community displacement caused by hydro reservoirs), or they may ensure that projects contribute to 
additional social, economic, and environmental objectives (e.g, “sustainable development"). While these criteria are 
ancillary in defining a carbon offset with respect to climate change impacts, they nevertheless help to define the 
"commodity" within a particular program and may be particularly important in the context of linking to other trading 
systems. 
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Contractual standards arc necessary to avoid double-counting of reductions and double- 
issuance of credits, and ensure that offsets arc enforceable. 

3. Accounting standards. These are standards related to the actual quantification of carbon 
offsets. Accounting standards specify methods for defining quantification boundaries, 
estimating baseline emissions, and correcting for unintended changes in emissions (i.c., 
“leakage"). Accounting standards also cover methods for demonstrating "additionality." 
Finally, they may specify methods for treating reversible GHG reductions on an equal 
footing with permanent reductions. Accounting standards are a first-order requirement for 
ensuring that "a ton is a ton" and ensure that offsets arc real, surplus, and permanent. 


Are there existing standards for carbon offsets? 

Yes, in fact there arc quite a number. The challenge is deciding which ones might be sufficiently 
stringent and credible for a U.S. regulatory offset program. Current offset programs (both 
mandatory and voluntary) are probably most diverse in terms of accounting standards. 

Internationally, an extensive amount of work has been done to clarify the basic requirements of 
carbon offset accounting. Two salient examples of this work are the Greenhouse Gas Protocol 
for Project Accounting (“Project Protocol"), developed by the World Resources Institute (WRI) 
and World Business Council for Sustainable Development (WBCSD), and the ISO 14064 (Part 
2) standard developed by the International Organization for Standardization - both of which 
provide a general framework for quantifying emission reductions from offset projects. ll> To 
specify a truly standardized commodity for carbon ofTsets, however, requires elaborating these 
general requirements into "methodologies" or protocols aimed at specific types of projects. Such 
protocols streamline the quantification process, taking into account data requirements and 
analysis relevant to a particular project type. 

WRI/WBCSD Project Protocol includes two sector-specific supplements, aimed at grid- 
connected electricity projects and land-use and forestry projects. ’• 12 Even these guidance 
documents, however, are too broadly specified to guarantee a true standard for carbon offsets. 
The task of developing standardized protocols has fallen to a number of individual programs that 
verify and certify offsets. The largest of these is the CDM. Table 1 summarizes the types of 
publicly available protocols and methodologies developed by the CDM and other programs 
around the world. 


Table I, Offset Pr otocols and Met hodo logies Deve loped Code r Ex istin g Prog rams 


Program 

Description 

Types of Protocols 

Hie Clean Devrlopmrai 
Mechanism (CDM) 

The CDM is the largest offset 
program established under the Kyoto 
Protocol, and is currently the largest 



1 WRJ and WBCSD. 2005. The Greenhouse Gas Protocol for Project Accounting. Washington, D.C. / Geneva; and 
ISO 14064. International Organization for Standardization, Geneva, Switzerland. 2006. 

' ' Greenhalgh, S, F. Daviet, and E. Weninger, 2006. The Land Use. Land-Use Change, and Forestry Guidance for 
GHG Project Accounting World Resources Infinite. Washington. D.C. 

' 1 BroekhofT, D.. 2007. Guidelines for Quantifying GHG Reductions from Grid-Conncclcd Electricity Projects. 
World Resource* Institute and World Business Council for Sustainable Development, Washington. D C. I Geneva. 
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such program in the world. CDM 
offset credits may be used for 
compliance with emissions targets set 
under the Kyoto Protocol. 

d htrnl 

The Regional Greenhouse 

Gas Initiative (RGGI) 

hup. www.rggu'ts 

RGGI is a mandatory cap-and-trade 
program in the Northeastern United 
Slades due to begin operation in 2009. 

The U.S. EPA Climatt Leaden 
Program 

httoif/www ena eov/climatclead 

Climate Leaden is an EPA industry- 
government partnership that works 
with companies to develop 
comprehensive climate change 
strategics, and has developed several 
offset methodologies in line with the 
WR1/WBCSD Project Protocol. 

sD-findexistml 

The California Climate 

Action Registry (CCAR) 

htto;//www,climalcreitistrv.ora/ 

CCAR is a non-profit, voluntary 
registry for GHG emissions 
originally formed by the State of 
California. II is developing a series of 
carbon offset protocols under its 
Climate Action Reserve program. 

offsets, htmj 

The Chicago Climate 

Exchange (CCX) 

The CCX is a U.S -based voluntary 
emissions trading system forGHGs. 
Participants take legally binding 
commitments to reduce their 

anirc.com/ 



emissions and can do so through the 
purchase of carbon offsets certified 
under CCX protocols 

lii'. 

The GGAS is one of the first 
mandatory GHG trading systems and 
bases compliance on credits issued 
for a variety of project types. 


The Alberta Offset System 

linp^wsyvjj^feanqjbejx.lutifi 

Ml 


switching, methane destruction, 
industrial gas destruction, and 
reforestatioa/afforcstation in a 
wide range of applications and 
sectors. 

• Landfill methane capture 
and destruction 

• Reduction in emissions of 
sulfur hexafluoride (SF e ) 

• Sequestration of carbon 
due to afforestation 

• Avoided/reduced natural 
gas or oil combustion due 
to end use energy 
efficiency 

• Agricultural manure 
management operations 


• Reforestation/affbrestalion 

• Commercial boilers 

• Industrial boilers 

• Landfill methane 

• Manure management 
(anaerobic digesters) 

• Bus fleet upgrades 


• Forestry conservation 

• Conservation-based forest 
management 

• Reforestation 

• Manure management 

« Landfill methane 

• Agricultural methane 
(manure management ) 

• Agricultural soil carbon 

• Energy efficiency and fuel 
switching 

• Forestry carbon 

• Landfill methane 

• Renewable energy 

• Coal mine methane 

• Rangeland soil carbon 

• Ozone depleting substance 

destruction 

• Low-emission electricity 
generation 

• End-use energy efficiency 

• Forestry sequestration 

• GHG reductions at 
industrial facilities 


Sixteen protocols completed, 
including: 

« Livestock methane 
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legislation requiring large industrial 


emissions 

setSvstcm html 

facilities to reduce their GHG 

• 

Soil carbon sequestration 


emissions. A variety of offset 

• 

Methane reductions from 


protocols have been adopted under 


organic waste 


the program 

• 

Biofuels 



• 

Enhanced oil recovery 



• 

Waste- heal recovery 



• 

Energy efficiency 



• 

Afforestation 



• 

Others 


A thorough evaluation would be required to decide whether the protocols developed under these 
programs are suitable for a national U.S. regulatory offsets program. One of the challenges in 
designing offset protocols is that they require balancing tradeoffs. Protocols that are too stringent 
(e g., with respect to additionality) may end up excluding good offset projects and raising overall 
compliance costs. Lenient protocols may allow too many reductions to be credited and therefore 
undermine the integrity of an emissions cap. Ideally, protocols should be developed and adopted 
according to how well they achieve desired policy outcomes for an emissions trading system, 
including objectives for environmental integrity, transaction costs, and administrative costs. 13 
Protocols developed under other programs may or may not fit the bill for a U.S. national GHG 
trading system. 


What types of projects should be included in a carbon offset program? 

Only emission reductions at sources not covered by an emissions cap can truly qualify as offsets. 
While it may be desirable to encourage reductions at covered sources, "crediting" such 
reductions must be done through some form of allowance allocation rather than the creation of 
offset credits. 14 Only projects that affect sources (or sinks) of GHG emissions not covered by the 
cap should be included in an offset program. Under Senate Bill 2191 as currently drafted, for 
example, the following types of projects might be included in a domestic offset program: 

• Agricultural and rangeland management 

• Manure and livestock management 

• Forest, agricultural, and rangeland land-use change 

• Forest management practices 

• Fossil fuel (oil, gas. and coal) production, processing, and delivery 11 

• Landfill gas and waste management 


1 ’ See, for example, Trexler. M . D. Drcekhotr. and L. KosiofT. 2006. "A Statistically-Driven Approach to Offset- 
Based GHG Additionality Determinations. What Can We LearnT* in Sustainable Development Law it Policy 
Volume VI, Issue 2, Winter 2006, and WR1 and WBCSD, 2005. The Greenhouse Gas Protocol for Project 
Accounting. Washington, D C. I Geneva. Chapter 3. 

“ Under cap-and-trade, reductions at covered sources (even if they are covered '•upstream" from the actual point of 
emissions, eg., at fossil fuel processing or distribution facilities) will simply free up allowances that can be used to 
emit more at a later time Total emissions will not change and no "offset" will occur. Issuing offset credits for such 
reductions would therefore result in double-counting and cause total emissions to rise. 

” For projects involving emissions not covered by the emissions cap, e.g_, coalmine methane emissions, vented 
emissions in oil and gas operations, fugitive emissions from natural gas transmission and distribution, etc. 






45 


In addition, it makes sense to exclude any projects that are likely to have adverse social, 
economic, or environmental effects. This is probably best accomplished through general 
eligibility criteria applied to projects, rather than the exclusion of project types. 

Beyond these considerations, there is in theory no reason to limit the types of projects allowed in 
an offset program as long as they can meet the basic criteria outlined atx>ve (i.e„ real, additional, 
verifiable, permanent, and enforceable). However, some types of projects will face greater risks 
and uncertainties relative to these criteria than others. The question becomes whether it makes 
sense to exclude some types of offsets on the basis of higher uncertainties and associated costs. 


Are there differences in the credibility of offsets from different project 
types? 

The “credibility" of a carbon offset largely depends on the level of confidence one has in its 
quantification, additionality, verification, permanence, and ownership. Broadly speaking, the 
risks and uncertainties for carbon offsets fall into four categories: 

1 . Measurement uncertainty. Accurately quantifying emission reductions requires being 
able to accurately monitor and verify the performance of a project and its effect(s) on 
emissions or sequestration. Accurate measurement is easier for some types of projects 
than others. 

2. Baseline uncertainly. Accurately quantifying emission reductions also requires 
reasonable certainty about a project’s baseline emissions and its additionality. 16 Baseline 
uncertainty will be higher for projects that have numerous possible alternatives, and for 
projects that provide significant compensation or revenue aside from their emission 
reductions. 

3. Leakage potential. Accurately quantifying emission reductions requires accounting for 
any unintended increases in emissions caused by a project. Leakage can add significant 
uncertainty to a project because it often difficult to monitor and quantify. Some types of 
projects are more prone to leakage than others. 

4. Reversibility risk. The potential for reversal of a project's emission reductions creates 
uncertainty about its value as an offset. Reversibility is only a concern for projects whose 
emissions benefits result from sequestration. 

In general, many types of forestry and agriculture carbon sequestration projects will face higher 
quantification uncertainty, because they are subject to greater relative measurement uncertainties, 
baseline uncertainties, reversibility, and leakage. Table 2 illustrates how some different types of 
offset project compare against these categories of uncertainty, based on qualitative analysis and a 
preliminary survey of carbon offset quantification literature. Further studies are needed to 


" A project's baseline and additionality are intimately related. Because the goal is to maintain net emissions M 
capped levels, the baseline for a project should in theory represent the emissions that would occur at the sources it 
afTects in the absence of a carbon offset marie et If the project is dm additional, baseline and project emissions will 
be identical. 
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develop a full quantitative comparison for different project types, but there arc generally clear 
differences between projects that avoid GHG emissions and those that sequester carbon. 


Tab le 1 . Ill ustrative Project Types and Their A ssociated Uncertainties 


Project Type 

Measurement 
Uncertain tv 

Baseline 

Uncertainty 

Leakage 

Potential 

Reversibility 

Risk 

Landfill methane 
flaring 

Low* 

<1% 

Low 0 

<1% 

None 

No 

Boiler efficiency 
improvement 

Low* 

E59M 

Low 

No 


■ A?!HOBI!tfl« 

■SEHEai 


Low/Mcdium?* 

Yes 

Avoided 

deforestation 



High 1 

Up to 90% 

Yes 


Notes: 


a: Captured methane can be measured accurately with flow meters, whose uncertainty range is typically much less 
than IK.” 

b. there are few other reasons for undertaking this kind of project (e g. unless required by regulation), so there is 
little uncertainly about additionality. Landfill methane projects have a relatively high likelihood of generating 
“rear (additional) emission reductions compared to other project types, even where captured gas rs used to supply 
energy." 

c: Boiler fuel consumption can be easily tracked and accurately measured. 

d: In one study of boiler projects involving district beating, uncertainty was estimated at +/• 45% for baseline CO) 
emissions.'* 

e: Measurement uncertainties for soil carbon haw been estimated at up to 100%, but may be as low as 6% (single 
standard deviation). 3 * The uncertainty range depends greatly on the spatial scale considered * 
f: I here may be multiple reasons for undertaking activities that sequester carbon, such as no-tillage practices. In 
some ureas no- tillage is common practice. 

g; Depends on how ullage practices affect crop yields and whether there are associated shifts in crop production 
on other lands 

hr As with soil carbon stocks, carbon stocks in forests may be subject to medium- to-Nigh uncertainty depending 
on methods, spatial scales, and forest types. 33 

i: Forestry and land use baselines can be very difficult to predict Uncertainty ranges for baseline carbon may be 
well over 50% in some areas. 11 

j Leakage for avoided deforestation projects in the Untied States may range as high as 90%, depending on the 
region. 3 


13 For example, see 

1 Sutter, C, and J.C. Pane no, 2007. “Docs the Current Clean Development Mechanism (CDM) Deliver Its 
Sustainable Development Claim? An Analysis of Officially Registered CDM Projects-" Climatic Change 84: 75-90 
'* Joint Implementation Network, et a!., 2003. Procedures for Accounting and Baselines of J I and CDM Projects 
(PROBASE) Final Report. The European Commission. Fifth Framework Programme, p. 33. Available at. 
hUPi'V www.iiqwcbory/prpbasc/ . Base I me uncertainty can be high because there may be multiple alternatives for a 
boiler upgrade, there ts uncertainty about baseline operating conditions, and there may be other reasons for 
undertaking these projects (e g , an old boiler may have been due for replacement anyway) 

* Kim. M-, et aL, 77. Management Response Curves Estimates of Temporal Soil Carbon Dynamic* 
top* 1 1 2 1 jrif 

ft** nod hnp:.'wwwCTvinomLPctrtiliwork»l>cpVixctUiiity Intro.pdf 
n Kerr, S., et al., 2004. Tropica I Forest Protection, Uncertainty, and the Environmental Integrity of Carbon 
Mitigation Policies Modi Working Paper 04-03. Mtp^motu-www.mp tu.orgJiz/wpape nftM 03.pdf . 
u Ibid.; baseline carbon uncertainty ranges for forest protection in Costa Rica range up to 54% for a single standard 


deviation. 
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Can the risks and uncertainties for some project types be addressed? 

In most cases, yes. There is no reason in principle why projects with relatively high 
quantification uncertainty cannot yield credible offsets. The only challenge is that methods to 
compensate for the uncertainty will tend to raise costs. For example: 

• Compensating for measurement uncertainties may require more costly measurement and 
verification practices, or the use of conservative estimates or discounts for quantified 
reductions. Both methods will increase the cost per ton of creditable emission 
reductions. 

• Compensating for baseline uncertainties may require more rigorous analysis and 
additionality tests (raising costs for project developers and/or program administrators), 
or similar application of conservative estimates that err on the side of under-counting 
emission reductions. 

• Compensating for leakage generally requires the incorporation of project elements 
designed to mitigate it, or the application of conservative methods to estimate its 
impact, both of which may increase costs relative to other types of projects. 

• Compensating for reversibility requires the adoption of one of the methods already 
described in this testimony (above), which will tend to either increase costs or reduce 
compensation to project owners. 

The bottom line is project types with higher levels of quantification risk and uncertainty arc 
likely to incur significantly higher costs for every ton of CO: they reduce in order to have their 
reductions certified as offsets. Unfortunately, no studies have yet tried to quantify the likely size 
of this cost differential under a strict regulatory program.'’' The added costs may have important 
consequences for how these types of projects fare in a broader market for GHG reductions. 
Furthermore, it may take time to develop protocols for some types of projects in ways that 
effectively mitigate uncertainty. This could lead to delays in how soon those projects can enter 
the market. Finally, even where the added costs amount to less than a dollar per ton of CO2. this 
could mean many millions of dollars of added investment burden across the entire market for 
carbon offsets. 


** Murray, B.C, McCarl. BA, lee. H, 2004. “Estimating Leakage from Forest Carbon Sequestration Programs " 
LandEcon *0(1). 109-124. 

a See, for example, WRJ and WBCSD, 2005. The Grernhous 1 Gas Protocol for Prefect Accounting. Washington, 
D.C. / Geneva, Chapter 5. 

“ The most extensive study of “transaction costs" for carbon offset projects indicates that existing forestry offset 
projects (almost exclusively serving the voluntary market), have faced higher monitoring and verification costs than 
other projects, and may face higher costs under a regulatory program to address permanence and leakage concerns 
Total transaction costs for forestry projects hav e ranged from one to 19 percent of total project costs, and have 
amounted 10 around SO. JO to S0.70 per ton of CO,. The study notes that “insurance costs" to compensate for 
reversibility could significantly increase costs for forestry projects. See Antorini, C. and I. Sathaye, 2007. Assessing 
Transaction Casts of Project-based Greenhouse Gas Emissions Trading. Lawrence Berkeley National Laboratory. 
I.BNL-S7315. 
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Are there alternatives? 

It may be worth asking whether some types of GHG emission reductions arc best achieved 
through carbon offset markets or through other policy mechanisms. If the added costs associated 
with reducing uncertainties for sequestration projects could be avoided, for example, then greater 
reductions could in principle be achieved for the same total expenditure of resources. 

One way to do this would be to fund these and other projects with high quantification 
uncertainties through a separate program of direct payments, or allowance set-asides. J7 Unlike 
offsets, reductions achieved through direct payments would not be have to be used to 
compensate for increased emissions from capped sources, and therefore would not have to be 
subject to the same levels of scrutiny in terms of measurement, additionality, leakage, and 
reversibility. While it may still be desirable to fund reductions that are "real, additional, 
verifiable, permanent, and enforceable,'" the application of these criteria would not have to be as 
stringent. For example: 

• Measurement of the effects of funded activities would be primarily for information 
purposes, and would not have to meet the same degree of accuracy needed to ensure that 
quantified reductions are truly offsetting emissions on a ton-for-ton basis. Avoiding and 
mitigating leakage from funded activities would be desirable, but the extent of leakage 
would not have to be rigorously quantified. 

• While it may be desirable to fund "additional” activities, demonstrating additionality on a 
project-by-project basis would not be necessary. Avoiding the need to develop and apply 
complicated additionality tests could reduce costs significantly , :> 

• Verification of funded activities would still be necessary, but could be limited to a simple 
confirmation that activities are being undertaken rather than checking their performance 
in ways that are necessary for precise quantification. 

• l.ong-tcrm carbon storage for sequestration projects would be desirable and could be 
encouraged, but designing complicated insurance mechanisms to put carbon sequestration 
on equal footing with permanent emission reductions would not be necessary. 

• Enforcement of a direct payment program would consist of ensuring that project owners 
follow through on their commitments, and would not require tracking systems or legal 
rules for establishing ownership of emission reductions. 

Whether or not a direct payment system would make sense as an alternative greatly depends on 
how various other elements of a cap-and-tradc system and offset program arc designed. Total 
demand for reductions (determined by cap levels), the types ofTsct projects allowed, and limits 
on the use of offsets will all play a role in determining price levels and whether “high transaction 
cost” projects can succeed in the market. The stringency required of offset protocols (based on 


For further discussion of this approach, see Hayes, D., 2008. Gelling Credit for Going Green Making Sense of 
Carbon "Offsets" in a Carbon-Constrained WorU. Center for American Progress, Washington, DC. 

'' Rebate programs for energy efficient appliances, for example, operate under the assumption dial some rebate 
recipients would buy high-efficiency appliances even without a rebate Because screening out there “tree riders" 
would be costly and difficult, it is generally not attempted. Instead, rebates are given without restriction, and Ihe 
funding of some “non-addilional" purchases is tolerated as a cost of tunning ihe program Because the purchases arc 
not being used to offset energy consumption elsewhere, it does not matter that buyers are not screened for 
additionality. 
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policy objectives, as described above) will also play a role. Further study is needed to determine 
which types of projects might best be encouraged through an offset program and which might be 
better achieved through direct payments. In the meantime, it makes sense to design policies that 
keep both options open for a variety of project opportunities in “uncapped" sectors. 



50 


Testimony of Steven Corneli 

Vice President 
Market and Climate Policy 
NRG Energy, Inc. 


Before the United States Senate 
Committee on Agriculture, Nutrition and Forestry 

Subcommittee on 

Rural Revitalization, Conservation, Forestry and Credit 


May 21, 2008 



51 


Chair Stabenow and members of the sub-committec, good afternoon and thank you for 
the opportunity to testify today regarding offsets. Along with emission reduction targets 
and allocations, ofTscts will be critical m determining the both economic impacts and 
environmental effectiveness of climate change legislation. Agriculture and forestry both 
contribute large amounts of greenhouse gas emissions that will be difficult to regulate 
under a cap and trade system, and thus are important potential sources of emission 
reductions in the form of offsets. 

Offsets are a critical Issue for our company, as well. We own and operate some 23,000- 
megawatts of power plants, from the Northeast, through Louisiana, Texas and Illinois, to 
California. 7000 megawatts of those power plants are coal-fired, with the rest being gas,, 
oil or nuclear. We emitted 61 million metric tons of C02 in the US last year, which 
makes us the 7'^ largest emitter of C02 in the US power sector. We arc aggressively 
working to reduce our carbon emissions by developing new low- and no-carbon power 
plants, including nuclear, wind, and both post-combustion and gasification-based carbon, 
capture and sequestration. But such voluntary efforts are not enough. Like the other 
members of USCAP, we believe a mandatory US cap and trade system is needed as soon, 
as possible to provide a market signal for rapid investment in low carbon technology. 

There are two reasons we are so interested in offsets. First, under any cap and trade 
system, we expect to be a major buyer of allowances and of offsets, to the extent they can. 
be used for compliance. For example, under the Lieberman Warner bill, we would get 
allocated enough allowances for only about 46% of our emissions in the first year. This- 
would require us to buy the rest — about 33 million allowances in just the first year. If we 
can buy offsets for less than allowances, we will buy as many as the law allows. That's 
in our own interest. 

But even more important, the basic laws of supply and demand mean that the use of 
ample amounts of high-quality offsets in the cap and trade program should moderate the 
allowance price for everyone, not only us. This will help protect consumers and the 
economy as a whole -• while helping limit climate change. 

Offsets have tremendous potential to create a more effective climate change policy at a 
lower cost to the US economy, but only if offset policy Is set up nght. Here arc 5 critical 
steps that wc think are needed to get it right: 

1. Wc need climate change legislation now. Right now, most carbon related 
investment in the US, whether in power plants or in offsets, is “frozen in the headlights" 
because of uncertainty about what the rules will be. We need clear and stable rules that 
are friendly to both the climate and to business so that the next wave of low carbon 
investment - including investment in offsets - can begin. This important for our global 
competitiveness as well as the environment, A world-wide race to perfect low carbon 
technologies is already underway. The US can win that race, but only if it starts now. 

2. Reasonable opportunities for using offsets for compliance. HPA and other 
modeling exercises make it clear that relaxing limits on the use of offsets in legislation. 
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such as Liebemian- Warner, can significantly moderate allowance prices. For example, 
the EPA suggests that adding just 15% international offsets in S. 2191 would lower 
allowance prices by 37%. This suggests that it is more important to ensure that any limits 
are generous enough to produce reasonable prices than it is to provide for the completely 
unlimited use of offsets. 

3. Only high quality offsets should qualify for compliance purposes. High quality 
offsets provide real reductions in greenhouse gas emissions. This is important for the 
environment, for sellers and for buyers. We typically will ask sellers to provide a 
contractual guarantee that project-based offsets meet environmental quality and other 
regulatory requirements. All sides of the carbon market will benefit from clear rules that 
keep low-quality "junk offsets" from ever even entering the market. 

4. The rules must allow both domestic and international offsets. Modeling work 
suggests there simply may not be enough domestic offsets available to effectively buffer 
the cost of allowances, especially in the early years of the program. We need 
international offsets, too. Some international offsets have a bad reputation, but others are 
extremely promising, especially those related to key GHG-producing sectors like tropical 
deforestation. Such offset have tremendous potential to not only save the rainforests, but 
to also staunch one of the largest global sources of greenhouse gases emissions. 

5. Wc need a mix of project-based offsets and sector-based offsets. Project based 
offsets - such as reducing methane emissions from livestock operations — can be of high 
quality, as well as beneficial to the host industries and local economies. These are the 
sort of products wc anticipate buying front private companies if the price is right. Sector- 
based offsets include the very exciting idea of “forest carbon tons" that would be created 
by stopping the wave of large-scale deforestation currently taking place in Bra/.il, 
Indonesia and other major forest areas. These sector-based offsets will likely have 
governments on one or even both sides of the transaction, rather than just private 
companies. This suggests the possibility of using such offsets to create a federal offset 
reserve pool dial could ensure moderate allowance prices -- in effect, an environmentally 
preferable alternative to the “safety valve" concept. 

To conclude, offsets will be a critically important way to buffer the costs of achieving 
aggressive reductions in GHG emissions. We need climate change legislation lo pass 
Congress and be signed into law by the President quickly to remove the uncertainty that 
hinders our investment in offsets and other low and no-carbon technologies. That 
legislation needs to send a clear signal that ample amounts of high quality domestic and 
international offsets will be welcome in the US cap and trade system, and it needs Its 
induce boih the private sector and governments to quickly create a large number of 
project- and sector-based offsets for companies like ours to buy when the US cap and 
trade system begins. 

Thank you for your attention, and I will be happy to answer any questions you may have. 
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Even as we move to control greenhouse gases from the major sources in our economy, it 
is important that wc tap the full range of sources available to us — even if those sources fall 
outside an emissions cap. While the largest part of our emissions reductions will come from 
fossil-fuel-bascd industries, farms, ranches, and forests can make a hugely important contribution 
to our national goals as we transition to a low-carbon economy. They can do so through new 
economic activities that oflset industrial emissions of greenhouse gases. 

"Offsets" are emissions reductions from activities in a sector that is “uncapped” (not 
covered by a limit on total emissions). Offsets provide an important means for quickly and cost- 
clfcctivcly mitigating global greenhouse gas emissions, which result primarily from combustion 
of fossil fuels. With the right incentives, farms and forests can offer an immediate, readily 
available opportunity to reduce emissions domestically and internationally, and they have the 
potential to substantially shrink companies' costs of complying with a cap-and-tradc program 
without compromising the integrity of a firm emissions cap. A judicious offsets policy can 
broadly engage fanners, ranchers, and foresters, as well as key major-emitting developing 
countries, in providing solutions and sharing in the economic opportunities of the transition to a 
low-carbon economy. Well-designed offsets activities can also provide substantial 
environmental benefits that are felt well beyond our atmosphere. 


This testimony highlights three key points: 

A&fjcujturc and forestry qcti>jties^ at.honiy and jibro ai l-- fe ye great gotential to provide 
cost-effective cjimate solutions that dejjver olhyr environmental bengfik ay well . 

Our vast rural land base is one of our great national assets. Though use of climate- 
friendly fanning and forestry practices, farmers, ranchers, and foresters can reduce emissions of 
the heat-trapping gases that cause climate change (for example, by capturing methane generated 
by dairy farms) or actually remove greenhouse gases from the atmosphere (for example, by 
growing carbon-capturing forests on lands currently used for other purposes). Whether in 
agriculture, forestry, or rangeland management, our rural economics possess tremendous 
potential for growth in a new industry of climate solutions. 
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By providing financial rewards for new uses of America’s vast rural Lands, a carefully- 
designed offset program can generate new economic opportunities - and new jobs. The vast 
majority of these jobs will need to be done by woHcers in the U.S. Building and serv icing a 
methane capture facility on a North Carolina hog farm, for example, cannot be outsourced to 
workers in another country. 

An offset program will also provide major new opportunities for American 
entrepreneurship. Because there will be money to be made by finding new and better ways to 
sequester carbon, and to reduce carbon emissions from uncapped sectors, a well-designed offset 
program will stimulate technical research and business innovation in America's rural economies. 

The potential impact of carbon-friendly changes in land-use practices extends far beyond 
our borders. Globally, the destruction of forests - principally in the tropics - emits massive 
amounts of carbon dioxide: approximately 20% of global greenhouse gas emissions, or roughly 
as much each year as all the CO] emitted by all the fossil energy consumed in the United States. 
When forest carbon emissions are included, the third and fourth largest emitters of GHGs in the 
world arc Indonesia and Brazil, respectively. We have an opportunity both to engage these 
major-emitting developing nations and to reap the benefits of these low-cost high-value 
emissions reductions through recognition of tropical forest protection activities in our own 
offsets policy. 

It is critical that we seize these opportunities not only because of the climate imperative, 
but also because of the tremendous impact agriculture and forestry offsets can have on 
controlling the costs of a transition to a low-carbon economy. Offsets broaden the set of 
available options for complying with the requirements of climate policy by allowing companies 
greater flexibility to make GHG reductions wherever they arc cheapest across the economic and 
physical landscape. Agricultural offsets arc among the lowest-cost of all the land-use options, 
and several analyses have shown these offsets to be the “low-hanging fruit." Economic analyses 
have confirmed the cost-mitigating value of agriculture and forestry offsets. Based on a 2005 
EPA analysis of the GHG mitigation potential of domestic forestry and agriculture, about 1,500 
million metric tons of CO] equivalent could be available from agricultural and forest offsets at 
prices of under $50 per ton. More recently, the EPA's analysis of S. 2191 concluded that the use 
of domestic offsets has an enormous potential for reducing the costs of an effective cap-and-lradc 
program. 

Because the EPA analyses do not examine the impact of incentives for tropical forest 
protections, Environmental Defense Fund has conducted a simple modeling exercise to explore 
the cost control potential of an international forest carbon ton provision in federal cap-and-trade 
legislation. Our results, summarized in this testimony, conclude that allowing international 
forest carbon credits into the U.S. market could provide important cost-containment benefits for 
the United States. 

A system of quality assurances bail! in to a cap-and-trade program will substantially 
mitigate concerns over offset quality, 
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An offset program can provide real reductions in greenhouse gas emissions only if the 
offsets are of high quality. Development of a rigorous system of quality assurances is thus 
critical to ensuring the value of agricultural and forestry offsets to both the rural economies that 
produce them and the industries that purchase them. 

In this testimony, we present a two-part framework of options to meet the need for 
quality assurances in an offset program at both the scale of individual projects and the level of 
the overall program. We outline the potential to improve national and regional accounting so 
that it can be used periodically to compare expected performance from a sector’s offsets to actual 
changes in greenhouse gases measured in the national inventory for that sector. We also describe 
a potential “true-up” process for the forestry sector that could allow use of improved information 
on changes in land-use practices to assess and adjust, if necessary, the parameters of our offset 
program. 

Policy makers have a time-limited opportunity to simultaneously engage developing 
nations and reap enormous greenhouse gas benefits through market incentives to reduce 

tropical deforestation. 

A focus on quality allows the U.S. to go global in the scarch'for high-quality GHG 
mitigation opportunities. While S. 2191 currently allows for some use of provisions for 
international credits, it provides no tole for reductions in tropical deforestation as a category of 
compliance credits. Tropical deforestation today contributes as much in greenhouse gas 
emissions as all uses of fossil fuels in the U.S. By structuring the U.S. carbon market to 
compensate developing countries for emission reductions that lower their national rate of 
deforestation below a historical baseline. Congress can strengthen those nations' climate and 
biodiversity protection efforts and create a model for engaging developing countries broadly. 
Inclusion of tropical forest credits will also reduce substantially the overall cost of a U.S. cap- 
and-tradc program. 

Emissions reductions from tropical forests are not offsets from unregulated sectors in 
foreign countries that do not have a program to reduce national-level emissions — in our 
testimony, we discuss at some length the reasons for keeping that sort of offset credit (eg.. Clean 
Development or “CDM" credits) out of our domestic emissions trading system. Rather, 
emissions reductions from key tropical forest nations would come from national-level programs 
to reduce emissions on a major scale. For many developing countries, deforestation is the largest 
source of their emissions; because of this, a policy to reduce tropical deforestation emissions at 
the national level is comparable to a cap on the majority of their emissions. 

KDF supports the provisions in the current version of the Liebcrman- Warner bill that 
allocate 2.5% of total emissions allowances to international forest carbon activities. But we also 
believe that the current provision that allows regulated entities to satisfy 1 5% of their compliance 
obligations with credits from international trading systems should be expanded to explicitly 
include credits for international forest carbon activities. In an attached appendix, we provide a 
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detailed example of how crediting of such activities could work as part of the U.S. carbon 
market 

Conclusion 

EDF appreciates the opportunity to discuss the important benefits of a well-designed 
policy for tapping the potential for climate solutions in our rural economics. We believe that 
judicious use of domestic offsets and international forest carbon credits can serve a crucial role 
in curbing greenhouse gas emissions and reducing the costs of a cap and trade program - with 
the additional benefits of valuable ecosystem preservation, job creation, and engaging 
developing countries in a global climate solution. 

Successfully addressing the escalating threat of climate change will require ambitious 
international action that takes advantage of all credible options for reducing emissions - 
including the substantial opportunities offered by agriculture and forestry at home and abroad. 
With the right rules and standards, farms and forests can help achieve that goal. 
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Introduction 

Thank you. Chairman Stabenow, Ranking Member Crnpo, and distinguished members of 
the Subcommittee, for holding this hearing and for your invitation to provide the views of 
F.nvironmental Defense Fund (EDF) 1 on •‘Agriculture and Forestry’s Role in Providing Solutions 
for Climate Change: Incentives for Jobs and Cost Containment.” EDF is a vocal advocate for 
market-based solutions to quickly reduce greenhouse gas (GHG) emissions from all sectors of 
the economy. 

My name is Ruben Lubowski, and I am the Forest Carbon Economics Fellow at 
Environmental Defense Fund. For five years, I served as an economist at the Resource and Rural 
Economics Division at the U.S. Department of Agriculture's Economic Research Service 
(USDA-ERS). In this capacity. I was the agency's Subject Specialist on Land Use and my 
responsibilities included managing the Major Land Uses database, which provides the only 
consistent accounting of all major uses of public and private land in the United States. In my 
academic career, I developed a model of national land use, which has served to estimate the costs 
of sequestering carbon. Previously, I have analyzed issues of tropical forest management at the 
World Bank, the Harvard Institute for International Development and the United Nations 
Development Program. 

Even as we move to control greenhouse gases from the major sources in our economy, it 
is important that we tap the full range of sources available to us - even if those sources fall 
outside an emissions cap. While the largest part of our emissions reductions will come from 
fossil-fuel-based industries, farms, ranches, and forests can make a hugely important contribution 
to our national goals as we transition to a low-carbon economy. They can do so through new 
economic activities that offset industrial emissions of greenhouse gases. 

“Offsets” - as emissions reductions from uncapped sectors are commonly called - arc an 
important mechanism for quickly and cost-effectively reducing global greenhouse gas emissions. 


‘Environmental Defense Fund Is a leading national nonprofit organization representing more than 500.000 members. 
Since 196, we have linked science, economics and law to create innovative, equitable and cost-efTcctive solutions to 
society's most urgent environmental problems. We have long championed market-based approaches, and helped 
design the highly successful acid-rain program created ui the Clean Air Act Amendments of 1990, See "About Us," 
www,cdfoc«/tuHtcclhi?tatIP-M75 . 
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which rcsull primarily from combustion of fossil fuels. The benefits of offsets cannot be 
overlooked: they offer an immediate, rcadily-available opportunity to reduce emissions 
domestically and internationally, and they have the potential to substantially shrink compliance 
costs of a cap-and-trade program without compromising the integrity of a strict emissions cap. 

At the same time, judicious use of domestic offsets and international forest carbon 
credits, primarily those resulting from reduced deforestation emissions, can provide a range of 
other valuable benefits, both for the environment and for indigenous and other forest-dependent 
peoples. A well-designed offsets policy can broadly engage farmers, ranchers, and foresters, as 
well as key developing countries, in providing solutions and sharing in the economic 
opportunities of the transition to a low-carbon economy. 

Effective standards and accounting will be crucial to ensure the quality of offsets and 
safeguard emissions reduction goals. And, as I will describe below. Congress could consider a 
periodic program-wide "true-up" for the forestry sector - an insurance policy that offset 
commitments will be fulfilled - as a further assurance that emissions reduction targets arc met. 

This testimony will highlight three key points: 

1 . Agriculture and forestry — -at home and abroad — have great potential to provide cost- 
effective climate solutions that deliver substantial additional environmental benefits. 

2. Quality assurances built in to a cap-and-trade program will substantially mitigate 
concerns over offset quality. 

3. Policy makers have a time-limited opportunity to engage developing nations and reap 
enormous greenhouse gas and other environmental benefits through mechanisms to 
prevent further tropical deforestation. 

A word on terminology 

In this testimony. I use the word “offsets” to refer to emissions reductions earned in an 
“uncapped” sector (a sector, such as forestry or agriculture, which is not covered by a limit on 
total emissions). More specifically, an “offset” credit is a credit awarded by a governmental 
authority for reducing emissions below “business as usual" in that sector. We distinguish offsets 
from emissions reductions achieved in a capped sector, whether at home or abroad. By contrast, 
the EPA analysis of the Licberman-Wamer Climate Security Act (S. 2191*) uses the word 
“offset" for both reductions in uncapped U.S. emissions or reductions in capped foreign 
emissions. There arc many reasons to distinguish between reductions in capped and uncapped 
sectors, as we explain further below. 

Offsets arc important to the environment 

Offsets generated through climate-friendly farming and forestry practices have multiple 
benefits, including benefits to ecosystems as well as the climate. They may either reduce 


'References in this testimony to S. 2191 are lo the version reposted out by the Environment and Public Works 
Committee m December 2007. 
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emissions of the greenhouse gases (primarily carbon dioxide, as w ell as methane, nitrous oxide, 
and others) that cause climate change, or actually remove such gases from the atmosphere 
(because plants take up carbon from the atmosphere as they grow and store or "sequester" this 
carbon in biomass and soils). In agriculture, farmers are adopting a wide variety of innovative 
practices that enhance uptake and reduce emissions of carbon dioxide or other greenhouse gases. 
Nationwide, farmers are adopting innovative cultivation techniques such as no-till and ridge-till 
planting, growing trees along stream banks, precision application of fertilizer, choosing cover 
crops carefully, and embracing many other agricultural practices that help fight global warming. 
Livestock and dairy producers arc also changing animal feed rations to reduce methane 
emissions from animals and capping manure lagoons to capture methane and flare it or - better 
still - use in place of fossil fuels. In 2006 the National Wheat Growers became the first 
commodity group to publicly endorse market-based climate action, noting that, “...if the climate 
change issue is to be credibly addressed, it is important that policy makers recognize the real 
contribution that farmers are now making - and can make on this issue in the future." The 
concept of “growing carbon” has truly arrived, and farmers are getting organized; for further 
evidence, look no farther than http://www.agcarbonmarkets.com/ . the website for the 
Agricultural Climate Working Group. 

In the domestic forestry sector, opportunities to increase carbon sequestration include 
afforestation (planting trees on lands previously used for other purposes, such as agriculture), 
reforestation (planting trees on recently forested lands, such as after a fire), and avoided 
deforestation (for example, for urban development). In addition, changes in timber management 
practices that increase carbon sequestration include changes in fertilization practices, improved 
fire and pest management, modified harvesting practices to reduce carbon losses, and 
lengthening of the growing interval between timber harvests (the rotation age) to extend carbon 
accumulation and delay releases. 

Our nation's grazing lands also offer a host of opportunities to increase carbon stocks 
through innovative management, including improved grazing practices and rangeland 
restoration. All of these activities on our croplands, forests, and rangelands, which collectively 
comprise the vast majority our national land base, offer the potential to reduce GHG emissions or 
to remove carbon from the atmosphere, while also furthering important other environmental 
objectives such as protection of w ildlife habitat, water quality, soil conservation, and open space. 

The focus on forestry and rangelands can go beyond private lands, as well. Close to 40 
percent of our U.S. land base is in some form of public ownership; 42 percent of U.S. forestland 
is in public ownership, and 33 percent of our grasslands are, as well.’ In addition to private 
sector activities, the U.S. Forest Service and other federal lands managers can and should also be 
encouraged to manage lands in ways that are responsive to the challenge of climate change by 
ensuring that our National Forests contribute to efforts to stabilize atmospheric greenhouses and 
arc managed in ways that make them more resilient to climate change. 


’ Lubowski. Ruben. Marlow Vccterby. Shawn Bucholtr, Alba Baez, and Michael Roberts 2006 Major Uses Land 
In the United Stales 2002. Economic Information Bulletin (EJB-14) U.S Department of Agriculture, Economic 
Research Service. 
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Judicious use of carbon offsets provides the potential to address aspects of our carbon 
footprint that arc impractical or impossible to capture through a nationwide cap. The F.PA 
estimates that S. 2191 would cover about 88% of national emissions. Of the remaining 12%, 
emissions from agricultural sources account for about half (around 6% of total emissions). 
Emissions from landfills and petroleum and natural gas process losses arc the most significant 
non-agricultural sources of the final 6%. 

Domestic agricultural and forest lands provide an opportunity not only to reduce their 
own emissions but to augment the other side of the carbon ledger — our “carbon sink.” In this 
country, the net effect of all forestry activities plus agricultural and other land uses (and changes 
in these uses) is to annually remove around 0.91 billion tons of CO 2 equivalent.* which is 12.5% 
of the nation's total annual emissions. There is great potential to further increase the size of this 
sink - and to ensure that it docs not decline in the future. In fact, a report by the Congressional 
Budget Office (CBO) indicates that the U.S. could, in theory, roughly double this annual carbon- 
capturing effect through enhanced agricultural and forestry sequestration.’ 

By driving changes in land use and land management practices, markets for offsets can 
create substantial public benefits in addition to climate change mitigation. Creating more forests 
and managing agricultural land to conserve soils and reduce fertilizer 1 inputs would reduce the 
amount of non-point source pollution entering our waterways - one of the most difficult sources 
to control with regulation. Research suggests that the “co-benefits" associated with incentives 
for carbon sequestration would include increased wildlife habitat, better soil erosion protection, 
and improved water quality in streams and rivers. A domestic market for offsets would increase 
the incentives for conservation and sustainable management practices, as long as appropriate 
safeguards were in place. Federal and state conservation programs already provide mechanisms 
for delivering these services, but incentives for offsets could complement and possibly leverage 
the impact of these initiatives. These programs are crucial tools in our country's investment in 
preserving endangered species, reducing the chemical loading that contributes to the Gulf of 
Mexico “dead zone." retaining the vital productivity of our nation's soils, and maintaining the 
health of ecosystems wc depend upon. 

While well-managed agricultural lands and forests sequester large amounts of carbon, 
loss and degradation of forests, grasslands, and soil carbon in croplands releases that carbon back 
into the atmosphere. Globally, the destruction of forests - principally in the tropics - emits 
massive amounts of carbon dioxide: approximately 20% of global greenhouse gas emissions, or 
roughly as much each year as all the CO: emitted hy fossil energy consumption in the United 
States. 


'US Environmental Protection Agency. 200S. Inventory of US Greenhouse Gat Emotions and Sinks 1990-2006 
hltp :/A»ww,cp«.co> climatc chan gti'croiMipns’usinvcntocvrcporthtml While carbon dioxide (C02) is the most 
common Heat-trapping gaa. several other gases have heat-trapping properties of varying potency. For example, 
methane is about 25 times as powerful as 002, while nitrous oxide (N20) is about 296 times as powerful. C02- 
cquivalcnts essentially allow conversion into a single metric for easier comparison. 

* The Congressional Budget Office. 2007. The Potential for Carbon Sequestration in the Untied Slates Pub. No. 
2931, CBO The Congress of the Knifed States. 
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Engaging developing countries in cutting their total GHG emissions is essential if the 
world is to curb climate change. The United States is the world's largest current and historical 
GHG emitter. Fast-growing developing countries, however, will soon emit more than we do - in 
fact, in terms of energy sector emissions, there are indications that China may already do so. 4 
Global warming cannot be solved unless both the U.S. and large developing countries cut total 
GHG emissions. 1 As Figure 1 shows, deforestation is the largest source of emissions for many 
developing countries. In these nations, economic incentives drive the clearing and cutting of 
living forests and, thereafter, sale of the trees or of products grown on cleared lands (such as 
soybeans, sugar cane, palm oil, and cattle). When forest carbon emissions arc included, the third 
and fourth largest emitters of GHGs in the world arc Indonesia and Brazil, respectively. For 
these countries, the largest share of emissions is deforestation, an amount comparable to total US 
fossil fuel emissions. 


’CRS Report for Congress, China-US Relations Current /inner ami Implications for V S Policy, p. 25 (Decembers 

21 . 


2007). 

"Even if emissions from developed regions . could be reduced to zero in 2050, the rest of Use world would still 
need So cut emissions by 40% from BAU [business as usual] to stabilize at 5S0 ppm C02e. For 450 ppm C02e. this 
rises to almost 80%.’’ Stem, Nicholas. The Economics of Climate Change The Seem Review (October 2006). page 


537. Available aL ) 
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Figure 1. Emissions of lop 30 emitters, (Million tons of carbon in 2000) 
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Offsets are a key cost containment tool 

EOF has long advocated use of offsets in a cap-and-trade system as a cost-efTective 
means for regulated companies to meet their compliance obligations. We believe that the more 
affordable we can make reductions, the more ambitious we can be in establishing a truly 
protective climate goal. Offsets broaden the set of available options for complying with the 
requirements of climate policy by allowing companies greater flexibility to make GHG 
reductions wherever they arc cheapest across the economic and physical landscape. With 
appropriate rules to ensure the integrity of the reductions, offsets can dramatically lower the 
costs of complying with any emissions reduction target. 

The potential to "bank” allowances and/or offset credits for use in future periods further 
increases the cost-containment and risk management benefits of offsets. Together with the 
flexibility of banking, the availability of low-cost offsets not only reduces compliance costs in 
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the current year, but also increases opportunities for companies to build up reserves of cheaper 
compliance options that provide a form of insurance, buffering against higher allowance prices 
or more volatile allowance prices during future periods. 

S. 2191 allows companies to meet up to IS percent of their compliance obligation 
through domestic offsets, including those from agricultural and forestry carbon sequestration. S. 
2191 also allows companies to meet up to an additional 1 5 percent of their compliance 
obligations through allowances from comparably capped trading systems in other countries 
("international credits” in the terminology of the bill). In addition, S. 2191 allows banking and 
limited borrowing of allowances, and proposes the creation of a “Carbon Market Efficiency 
Board"- sometimes referred to as the “Carbon Fed" - which is empowered to adjust carbon 
market parameters, including limits on offsets, in the event of unanticipated, damaging costs. 

These arc important cost management tools. The EPA's analysis ofS. 2191 considered 
ten different scenarios for meeting the bill's greenhouse gas reduction targets - embodying 
different assumptions about the future availability and cost of different technologies, 
international policy, and the ability of firms to use offsets and international credits for 
compliance.’ The report concludes that the use of offsets can dramatically reduce the cost of the 
program. In particular, relative to a benchmark policy scenario representing the bill as passed 
out of committee, the EPA found that maintaining the bill’s I 5% limit on domestic offsets but 
eliminating international credits increased forecasted prices by an estimated 34% , while 
eliminating both domestic offsets and international credits raised projected prices by 93% 
overall. This analysis suggests S.2I9I already contains a powerful suite of cost-containment 
measures to reduce costs throughout the program, and the bill also provides mechanisms for 
allowing more offsets into the system if needed. 

EDF’s analysis of the potential impact of international forest carbon credits 

The menu of compliance options in S. 2191 could be broadened further to allow 
companies to meet compliance obligations using international forest carbon credits - that is, 
emissions reductions or sequestration from forestry activities in the developing world, principally 
reduced tropical deforestation. To assess the potential cost-control impact of international forest 
carbon credits, EDF has conducted a simple modeling exercise. Appendix I provides details on 
the methodology and data sources for this study. 

Our modeling approach essentially represents a “best-case scenario" for international 
forest carbon credits. The cost curves we use attempt to capture the economic potential for 
emissions reductions and sequestration from reduced tropical deforestation, forest management, 
and afforestation worldwide, with most of the potential coming from developing countries in the 
tropics. These cost curves do not take into account the needs for institutional capacity building, 
implementation, transactions costs, and the like. As a result, the results presented here should be 


*11 S, Environmental Protection Agency, Office of Atmospheric Programs, “The EPA Analysis of the Ucbcrman- 
Wamer Climate Security Act of 200S-S.2I9I in 110* Congress." March 14, 2008. Available at 
hiltif ww.tihMa Jtav-lcl imMc cbMim^do-WTdwKls'sa 1 9 1 EPA Anafvsts.pdf 
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viewed as a "scoping exercise” to convey the potential magnitude of the opportunity from 
international forest carbon credits. 

Our analysis takes into account the interplay of the supply of emissions reductions 
(through abatement and sequestration) and the demand for those reductions (driven by 
government policies). The model explicitly allows “banking'’ - that is, setting aside offsets for 
future years - since international forest carbon tons represent a reservoir of low-cost abatement 
solutions that companies could use as a hedge against unexpectedly high future allowance prices. 

The main conclusion from this modeling exercise is that allowing international forest 
carbon credits into the U.S. market could have a substantial impact on allowance prices in the 
United States. 

• Compared to the current version of S.2 1 91 , allowing international forest carbon credits into 
the U.S. market could, in principle, reduce projected allowance prices by 33% (although that 
impact will decline when various other costs arc included). 

• Even if we assume that only half as many tons would be available at any given level of 
marginal cost, international forest carbon credits have the potential to reduce projected 
allowance prices by 25% (again, not taking into account a variety of transaction and 
implementation costs). 

• Finally, even in an analysis with unlimited international forest credits, estimated allowance 
prices remain at $16 per ton in 2012, rising at 5% per year. Moreover, in our analysis, 
domestic offsets (from agriculture, forestry, and other sources) arc still used up to the 
maximum 15% limit under S. 2191. 


These results arc depicted in Figure 2. 
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Figure 2. EDF Analysis of Potential for International Forest Carbon Credits 
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In practice, transaction costs and implementation delays would mean that fewer credits 
would be available in early years than indicated in this scoping analysis. Nonetheless, the 
magnitude of this opportunity suggests that a carefully-designed forest carbon program could 
provide calibrated cost containment in the near to medium term. 

In our projections, with or without a regulatory ceiling on how many credits could be 
used, the great majority of those credits are banked for use in later years — particularly the years 
after 2035. when developing countries have also taken on mandatory and binding emissions 
targets. Such a bank would provide an important cushion against short-run price volatility. 
Indeed, the results presented so far suggest that even a relatively limited use of forest carbon 
credits could play a significant role in containing costs. 

As a result, given the major potential of these forest carbon credits to both reduce costs 
and leverage the power of the market to stanch deforestation, along with the other significant 
cost-containment opportunities already in S.219I, any "safety valve" that sacrifices 
environmental goals for price certainty would be a terrible mistake. 
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A note on the “voluntary” market for offsets 

Our focus here is on how agriculture and forestry can help reduce the costs of climate 
legislation within a cap-and-lrade system in which companies have mandatory obligations to 
reduce their emissions. However, it is important to acknowledge that a dynamic voluntary 
market for “offsets” has recently emerged to enable companies and individuals to reduce GHG 
emissions on a voluntary basis. As a newly emerging voluntary market operating in the absence 
of government oversight, there has been a proliferation of different standards and concerns over 
the environmental validity of some of the produced credits. At the same time, the voluntary 
sphere has seen robust innovation and development of new project types that might be otherwise 
be ineligible in a compliance market This voluntary market could continue to be used as a 
means for individuals to invest in personal offsets, in parallel to an offset market that companies 
can use for meeting mandatory obligations. (This dual system Is what has happened in the U.K., 
where commercial emitters are already part of the EU compliance market) In future years, the 
voluntary “offset" sphere may require either standard-setting or governmental oversight. Those 
issues, however, arc not the focus of today's testimony. 

Agriculture and forestry provide key cost-controlling options “beyond the smokestack” 

Economic analysis shows that rural economics have a powerful contribution to make 
through agriculture and forestry activities that control GHGs. In a 2005 analysis of the GHG 
mitigation potential of domestic forestry and agriculture, the EPA concluded that 1 ,500 million 
metric tons of CO; equivalent could be available from agricultural and forest offsets at prices of 
under $50 per ton. with about 20 percent of this total from agriculture and the rest from forestry.’ 

While the total estimated potential of agricultural offsets is smaller than the forestry 
opportunities, the agricultural opportunities appear to be the lower cost options. In the EPA 
analysis, 75%s of the agricultural offsets examined were available for under SI 5 per ton 
compared to just 30% of the forest sector opportunities. 10 In other words, the bulk of 
agricultural offsets will likely be “low hanging fruit” that will be purchased first under a market 
system. The specific numbers in the EPA study depend on the details of their modeling, but 
independent analyses by McKinscy & Co.." the U.S. Department of Agriculture, l: and the 
academic literature have reached similar conclusions. 1 ’ 


*Thi» figure excludes biofucls-relaled mitigation opportunities considered in EPA's analysis, as these are likely to be 
treated differently than other agrxcultuie and forestry activities See: U.S. Environmental Protection Agency . 

2005. Greenhouse Gas Mitigation Potential in US Forestry ami Agriculture- EPA 430-R-06-006 

14 As noted earlier, these estimates exclude biofucls-rclilcd opportunities considered by EPA, as these will likely be 

accounted for differently than the forestry and agriculture offsets discussed here 

"Keiiucing US Greenhouse Gas Emissions Wow Much at H'hat Cost 1 , conducted by Me Kuney & Company and 
published jointly with the Conference Board in December , 2007 is available at: 
bttpi.ywww.rockmscv.coiivclicntsctvtce'ccsl gteenhousetas asp 

11 Lewandrowslci, Jan. Mark Pclcn. Carol Jones. Robert House, Mark Spcrow. Marlcn Eve. and Keith Pausrian. 
Economics of Setfuestering Carbon in the U.S Agricultural Sector. Technical Bulletin No.1909. U.S. Department 
of Agriculture, Economic Research Service. 

"See for instance: McCark Bruce A., and Uwe A Schneider 2001 "Greenhouse Gas Mitigation in U S. 
Agriculture and Forestry *' Science 294. p.24*l-2482 See also the review of studies in: The Congressional Budget 
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A variety of sources, including the Intergovernmental Panel on Climate Change (IPCC), 
indicate that the cost of forest protection in some parts of the world is far less than the cost per 
ton of more expensive means of reducing COj emissions given today’s technologies. 14 Opening 
America’s carbon market to tropical forest tons could thus significantly reduce U.S. companies' 
compliance costs in the near and medium term, and send a powerful economic signal for tropical 
forest countries and investors to position themselves to participate in our carbon market. On the 
other hand, if the world waits a decade or two before creating powerful incentives for 
compensating those who protect tropical forests, the forests - and the approximately 300 billion 
tons of carbon they hold - will already be gone. This would be a devastating blow to the goal of 
reducing global emissions of greenhouse gases, as well as a tragic loss of biological diversity. 

Agriculture and forestry offer a large reservoir of lower-cost emissions reductions 
opportunities in the near and medium term, which can be credited and potentially banked for 
future use under a cap-and-trade program. These opportunities provide an important bridge 
strategy while technology innovations are developing that will drive down the costs of CO: 
control in the energy sector in the future. Additionally, measures to engage agriculture and 
forestry through a market for offsets credits will encourage further innovation and faster 
adoption of new agricultural and forestry technologies and methods that arc cheaper and more 
effective than current practices. Wc recognize that some of the physical carbon stocks 
associated with forest and agricultural practices may not be permanent — and, as a result, would 
later need to be recouped — but this docs not diminish their importance as a source of near-term 
opportunities for emissions reductions during the period of economic and technological 
transformation to the low-carbon future. We also acknowledge that some recognition for early 
adoption of carbon-friendly land-use practices may be appropriate, not only to reward early 
action but also to avoid creating perverse incentives to change land-use practices in order to 
qualify for compliance offset credits. 


A well-run offset program for domestic agriculture and forestry will create new 
opportunities and jobs 

By providing financial rewards for new uses of America's vast rural lands, a carefully- 
designed offset program will generate new economic opportunities - and new jobs. A project to 
capture (and potentially to use as fuel) the methane that is currently emitted by a dairy or hog 


Office. 2007. Tbt Potential for Carbon Sequestration in the Untied Stales Pub. No. 2931, CBO The Congress of 
the 

United States. 

" Intergovernmental Panel on Climate Change, Climate Change 2007 Mitigation of Climate Change. Summary /or 
Policymakers (4 May 2007), page 2 1 Available at: ht tp ''''VWW.iPce.ch'SPMfrtOW.odf - 
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farm, for example, will require skilled workers to design and build the necessary equipment and 
to operate and maintain the equipment once installed. Planting of new forests on land currently 
used for other purposes will likewise require trained workers. And the crucially important task 
of ensuring the quality of offsets will call on the talents of another set of trained and skilled 
workers. 

The vast majority of these jobs will need to be done by workers in the U.S. Building a methane 
capture facility on a North Carolina hog farm, for example, cannot be outsourced to workers in 
another country. 

An olTset program will also provide major new opportunities for entrepreneurship. 
Because there will be money to be made by finding new and better ways to sequester carbon, and 
to reduce carbon emissions from uncapped sectors, a well-designed offset program will stimulate 
technical research and business innovation in America's rural economies. 

A focus on quality is essential to ensure environmental and economic benefits from offsets 

The emissions reduction performance of offset projects must be carefully measured and 
monitored to ensure the environmental integrity of the cap. In turn, this environmental integrity 
is fundamental to building confidence in the offsets market and protecting the investments of 
offsets developers and purchasers. 

The main concern with offsets is that they may not generate the expected reductions of 
net emissions. Some concerns about the integrity of offsets, including the need for managing 
risk and uncertainty and accurate monitoring and enforcement, also apply to emissions 
reductions under the cap. However, the challenge of ensuring the integrity of ofTsets based on 
land management has received special attention, including recognition of the importance of a 
clear scientific understanding of how carbon builds up in agricultural and forest system and how 
they affect the climate, as well as of managing the risk of emissions ''reversals" For example, a 
field that has been converted to no-till cropping may be turned back to conventional tillage, 
releasing soil carbon. Similarly, a forest specially planted to sequester carbon may be harvested 
prematurely or burned down, releasing the credited carbon. 

In June of last year. Duke University Press published Harnessing Farms and Forests in 
the Loir-Carbon Economy: How to Create and Verify Greenhouse Gas Offsets, a technical guide, 
commonly known as the "Duke Standard," for fanners, foresters, ranchers, traders, and investors. 
Duke's Nicholas Institute for Environmental Policy Solutions developed the guide in 
collaboration with Environmental Defense Fund and with scientists from Texas A&M, Colorado 
State, Rice, Princeton, Kansas State and Brown Universities, as well as other experts. It is a 
step-by-step, "how to" manual for generating high-quality offset tons in agriculture and forestry, 
while avoiding project-level pitfalls that could reduce true greenhouse gas benefits. 15 

In themselves, uncertainly and risk in offset projects do not necessarily threaten 
environmental integrity of an offset, but there must be clear management of uncertainty and risks 


”Sm ivww.m ct»> l*».duRc.cdu l iratilulC''iJiitofls ctMuidc/«hircxm)ti pdf 
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through monitoring, verification, and enforcement rules. To deal with the problem of 
reversibility, for example, the Duke Standard has a chapter on systems of verifying and 
registering offsets. Combined with system to detect unexpected reversals, offset purchase 
contract provisions can assign responsibility for any reversed reductions (e.g., through 
conservative provisions for self insurance, maintenance of reserves or via third-party insurance) 
during the contract period as well as to assign responsibility to the buyer to renew or otherwise 
replace offset tons at the end of the contract term (if limited term contracts are being used, as in 
the case of most current sequestration projects). 

Other technical issues arise m the case of offsets because crediting occurs at the level of 
individual projects that, by definition, occur in an uncapped sector - i.e., a sector that does not 
have any restriction on overall sector-wide emissions. This raises the important issues of 
additionality (whether the emissions reductions from a project would have occurred anyway) and 
leakage (whether emissions are simply shifted to another location)."’ The Duke Standard 
provides detailed guidelines for setting baselines, and adjusting them over time given changing 
conditions, to evaluate additionality for different types of agricultural and forestry projects. 
Similarly, the manual describes methods to account for leakage or off-site emissions caused by 
different types of agricultural and forestry projects. 

Researchers have estimated that leakage could range from 1<J% to over 90% for different 
forest carbon sequestration activities in the U S. 17 EPA has estimated 24% leakage for domestic 
afforestation (planting trees on previously non-forest lands) versus 6% for soil carbon projects." 
Why the disparity? Because most soil-carbon projects take place on soils that arc already in 
agricultural use, for example, they simply involve a change in tillage practices, with relatively 
small reductions in agricultural output (indeed, they may improve it over time), creating small 
incentives for crop production to relocate elsewhere and potentially raise emissions. By contrast, 
if newly forested land otherwise would have been used for agriculture or buildings, overall 
demand for land for that purpose does not disappear - it just relocates. 

Importantly, leakage in itself is not a threat to environmental integrity if it can be 
quantified with sufficient confidence. Once the Duke Standard protocols or other methods are 
applied to quantify the amount of leakage ifor a project, environmental integrity of an offset can 
be preserved by subtracting the leakage amount from the total number of reductions that are 
eligible for crediting as offsets. Another potent remedy is to make the offsets program as 
inclusive as possible, reducing the number of unmonitorcd sectors and minimizing the possibility 


“Making all national emissions subject to a cap would solve the leakage problem within a tingle country, but 
emitting activities could still potentially relocate internationally to countries without similar restrictions, an issue 
known as “international leakage." The potential for leakage, however, is likely to be largest within an uncapped 
sector within a single country where emissions. producing activities (such as limber harvesting) may be shifted with 
greater ease from one location to another. 

’’Muiray, Brian C., Bruce A. McCarl, and Hcng-Chi Lee. 2004. "Estimating Leakage from forest Carbon 
Sequestration Programs.” Land Economics, VoLIO, No I. pp 100-124 

“U.S. Environmental Protection Agency. 2005. Greenhouse Gas Mitigation Potential In US Fortstn and 
Agriculture. EPA 430-R-05-006 Washington. DC. 
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that reductions in emissions in one area or sector are displaced undetected to another area or 
sector. 

Quality assurances in practice 

Some advocates contend that the issues described above are essentially insurmountable, 
and demand strict quantitative limits on the use of offsets. In our view, the critical issue is 
ensuring that offsets are of high quality. If offset quality is unacceptable, any use of offsets may 
be too great. On the other hand, if high-quality offsets are available, quantitative limitations may 
prelude legitimate and needed carbon reductions from coming to market. 

In the absence of clear federal guidance on these questions, experts on all sides of these 
issues have poured time and energy into proposals to address quality concerns. And while no 
one idea has emerged to universal acclaim, a survey of the field suggests a menu of very solid, 
detailed approaches to the quality question at both the project and national program level. *’ We 
suggest thinking about these policy questions at both levels. 

A two-part framework would ensure the integrity of the offsets program at both the scale 
of individual projects and the level of the overall program. This process would ensure the 
highest possible quality at the level of the individual project, as well as a way to track progress al 
the national level and assess the stringency of quantitative limits over time. 

Part 1. At the project level, stringent protocols for certification, verification, 
monitoring, and enforcement. 

The first round of necessary assurances requires stringent measurement, verification, and 
permanence requirements via the application of rigorous methodologies and protocols for 
certifying and monitoring emissions reductions at the level of individual projects. This is the 
approach embodied in S. 2191, which calls on the EPA, most likely in coordination with USDA 
and other relevant agencies, to establish standards and guidelines for the certifying, accounting, 
and monitoring individual offset projects through approved independent third-party verifiers. 

The Duke Standard provides detailed and practical guidance on each step of this process. 

In general, EDF urges the EPA and other implementing agencies to develop protocols to 
ensure that every certified offset project be: 

• Real (actually achieve GHG reductions) 

• Additional (beyond an established baseline such that the reductions would not have 

occurred otherwise under business as usual) 

• Measurable (subject to accurate measurement and monitoring) 


"Sec for example, “Designing offsets policy for the U.S.: Principles, challenges, and options foe encouraging 
domestic and international emissions reductions and sequestration (torn uncapped entities as part of a federal cap- 
end-trade for greenhouse gases " published in May. 200 S by the Nicholas Institute for Environmental Policy 
Solutions, Duke University. 
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• Verifiable (by disinterested third parties) 

• Serialized and tracked on a registry (to allow demonstration of ownership and prevent 

double counting) 

• Enforceable (in a court of law). 

Projects in which unexpected reversals arc a risk should assess the risks, maintain 
monitoring mechanisms to detect and estimate unexpected reversals, and maintain insurance or 
other contract provisions to guarantee that emissions reductions will be recouped in the event of 
an unexpected reversal. In addition, we urge consideration of a “rental" option - that is, a class 
of emission reduction projects that are explicitly designed as time-limited projects. Wc also 
recommend establishing explicit requirements for independent reproducibility of any 
methodologies or standards adopted for the certifying process. 

While these requirements arc challenging, the good news is that, as condensed in the 
Duke Standard, there is a large body of accumulated experience in developing standards and 
protocols to address these issues from the voluntary carbon market, international programs, and 
state and regional programs here in the U.S. We encourage the EPA and other relevant 
regulatory agencies to leant lessons from existing methodologies and standards already 
developed, recycling their successful provisions and steering clear of their pitfalls when 
developing an offsets program for the U.S. carbon market. We also recognize the relevant 
experiences and information already gathered by DOE, EPA, USDA, and other agencies under 
voluntary emissions reduction and registration programs, such as Section 1605(b) of the 1992 
Energy Policy Act. For example, the USDA's Natural Resources Conservation Services has 
developed the Voluntary Reporting of Greenhouse Gascs-Carbon Management Evaluation Tool 
(COMET-VR). which allows individuals to estimate annual GHG emissions and carbon 
sequestration under different agricultural and rangeland management practices. 

Part 2. At the national level, comprehensive accounting and periodic “true-up.” 

Accounting of carbon .stocks in agriculture and forestry nationwide . Combined with clear 
rules for enforcement and systems to monitor and track emissions at the level of individual 
projects, the project level assurances described above will go far towards ensuring that credited 
offsets deliver the slated reductions. Nevertheless, federal offset rules should include provisions 
for data collection and scientific review to assess overall program performance. This would 
provide a stream of information to enable methods and protocols to be revised over time, as well 
as provide more robust assurance that the program is delivering the expected emissions 
reductions in uncapped sectors. All Annex I countries that are part of the United Nations 
Framework Convention on Climate Change, including the U.S., are required to provide national- 
level accounting of greenhouse gas emissions. Since 1990, the EPA, together with USDA and 
other agencies, has compiled this annual national inventory, including estimates of net emissions 
from forestry and land-use sources. As port of the process of ensuring a well-functioning offsets 
market, EDF encourages building on this existing inventory to develop a more accurate, detailed* 
and frequently updated national-level accounting framework for tracking changes in carbon 
stocks in both the agriculture and forestry sectors. 
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the proposed measurement and monitoring program would require a more integrated and 
coordinated effort across different federal and state agencies to measure and track overall 
national, as well as regional, changes in carbon emissions and sinks in various carbon pools 
within these sectors. This program would naturally build on existing on-thc-ground surveys to 
monitor land-use changes and natural resources, such as the Forest Inventory and Analysis 
program of the U.S. Forest Service, as well as remote sensing programs from USDA, U.S. 
Geological Service, and other public and private sources. Tracking nationwide adoption of (and 
changes in) different farming practices would also require more accurate, detailed, and frequent 
surveys of farm management practices than those currently conducted by USDA's National 
Agricultural Statistics Service (NASS) and other agencies. 

EDF encourages focusing resources to improve the accuracy of national and regional 
scale accounting so that it can be used periodically to compare expected performance from a 
sector's offsets to actual changes in greenhouse gases measured in the national inventory for that 
sector. Subject to the range of statistical confidence that is achieved by this accounting, this 
would provide a direct progress report of domestic mitigation activities in the forestry and 
agriculture sectors more broadly. 

Improved data collection on agricultural and forest carbon stocks would also allow 
methods and protocols to be refined over time as information on actual program performance 
becomes available. For example, if actual leakage were much greater than accounted for in 
advance — for example, with more timber harvesting shifting across the country — actual gains in 
terms of forest carbon stocks would be less than anticipated and could be smaller than the 
amount of issued forest management credits. This would suggest that estimates for leakage may 
need to be raised going forward. However, if the estimates of expected leakage used in crediting 
these projects were too high, actual forest carbon stocks might increase by more than anticipatcd- 
and leakage estimates could be revised downward in the future. National accounting would also 
provide valuable information to allow the program to evolve with changing conditions. For 
example, depending on changing practices, technologies, timber and crop output and input 
prices, activities counted as additional may need to be adjusted to reflect new business-as-usual 
practices. 

It is critical that the data collected by the government is made publicly available in a 
comprehensive, timely, user-friendly manner. Public access to high quality data on forestry and 
agriculture carbon would help offset project developers to improve their methodologies and 
make it cheaper, simpler, and faster to develop high quality offset projects. For example, 
establishing accurate baselines will require data on similar lands within the region of each 
project Likewise, leakage calculations require data on activities on non-project lands. As a 
result, better data will lower the costs of creating and certifying offsets by making it easier to 
calculate baselines, leakage, and other measures of offset performance. For example, such data 
could feed into look-up tables or modeling tool like USDA's COMET-VR that provide 
estimated offset amounts for specific practices based on particular soil types, weather, economic 
parameters, and other factors. Such tools could provide greater upfront certainty for landowners 
and investors, increasing participation in offset projects by farmers and foresters. 
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Public access to data would provide a transparent method for public evaluation of the 
performance of the program. Data collection and scientific review could also inform decisions 
about adjusting quantitative limits on offsets, based on their success in achieving ouisidc-thc-cap 
CHG emissions reductions. 

Truc-up against aggregate inventory data: an option for forestry. Ensuring 
environmental integrity is vital to creating a large and well-functioning offsets market that 
inspires investor and buyer confidence and can provide credits that would be freely 
interchangeable with emissions allowances. Concern over integrity is likely to be highest in the 
early years of a program, when protocols and methodologies arc being refined. If, despite the 
project-level assurances built into the program, the total amount of ofTset tons that were credited 
over a given period fell outside the range of actual emissions reductions identified, with a 
reasonable degree of statistical confidence, under the national-scale accounting effort, the 
implementing agencies could require a "true-up" as a last resort to cover any estimated shortfall. 
This mechanism would involve ensuring that the estimates used for crediting are rectified over 
time with aggregate inventory data. 

Below we describe how this could be done in practice for the forestry sector. Given the 
greater difficulty in monitoring agricultural soils (compared to forests) and establishing accurate 
baselines for carbon in the sector, a range of approaches should be considered to achieve the goal 
of incentivizing farmers to provide greater emissions reductions and carbon sequestration. A 
number of options are under discussion in the academic and advocacy communities. One such 
approach establishes offset “trading ratios," which would attach a discount to agricultural offset 
tons which could change in response to new information or along a prc-spccificd schedule 
Another approach would be to create an "insurance” pool of carbon offsets, which stands by 
unused as a backstop while new accounting methodologies are being assessed. 

For the forestry sector. EDF recommends consideration of a “truc-up” mechanism to 
reinforce the integrity of offsets. The forestry sector is a potential candidate for a true-up 
mechanism given the monitoring technologies available and the potential reassurance this could 
provide to market participants. Forest areas can be monitored from space and the U.S. already 
has a comprehensive forest inventory' program. Furthermore, at least in early years of the 
program, leakage concerns could be greatest for forestry projects relative to offset projects 
related to agriculture and other sectors. In addition, the forest sector is estimated to be the 
greatest overall source of domestically-availablc offset tons, particularly from forest 
management activities that are relatively more difficult to account for, though we expect this 
should quickly become easier as better data becomes available. Forest offsets are also estimated 
to be of greatest significance at higher allowance prices, w hich is precisely when the need for 
cost management is greatest. 

In practice, a forestry truc-up could work as follows. The EPA and other implementing 
agencies would estimate a national-level baseline which would indicate how changes in forest 
carbon stocks arc expected to change under business as usual. For example, the estimate could 
be that net carbon uptake from the sector is likely to continue at about 750 million metric tons of 
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C02 equivalent for the next five yean. The estimated baseline and methodology Tor calculating 
this baseline would be made public at the start or the period such that it could be independently 
replicated by disinterested third parties using the best available data at the time of the truc-up. 
Calculating additionality for projects requires establishing a baseline at the project level. A 
good start for developing such baselines at the national level would be the forest and land-use 
projections conducted by the U.S. Forest Service under its Resource Planning and Assessment 
program. 

Let's say that based on the protocols certified by EPA, 150 million tons of forestry offset 
projects are credited each year for the next five years based on the presumption that they will 
increase annual sequestration beyond busincss-as-usual by 20 percent. After five years, a 
detailed national accounting determines, with reasonable statistical certainty given its sampling 
methods and other procedures, that the total forest sink increased by a range of only 140 to 145 
million tons per year. This could have occurred because leakage proved greater than predicted 
in the calculations used to certify projects. This would then leave a shortfall of up to 10 million 
metric tons per year, or 50 million tons in total over the 5-ycar period, which would need to be 
recouped to maintain the environmental integrity of the cap. 10 

Various arrangements could be made for funding this national-level true-up. To avoid 
disrupting high-quality offsets projects and to support good faith cffdrts on the behalf of offset 
project developers. EOF recommends that a true-up contingency fund or offsets reserve be 
funded through a private-public partnership. The government's contribution could simply 
involve retiring allowances from a government reserve explicitly held back for this eventuality. 

A contribution of funds could also be levied from the offsets market or from private insurance 
that could be required to cover the potential need for a true-up. 

Conversely, if overall levels of sequestered forest carbon increased (relative to the 
baseline) by an estimated 50 to 60 million tons more than the offset credits issued over the S-ycat 
period alt or part of this excess (using the more conservative lower bound) could be banked by 
the government as part of the reserve that would be used to fund any truc-ups that might be 
required later. 

Over time, information gathered through the national accounting system would enable 
more accurate leakage estimates and other fine-tuning of protocols. As a result, offset quality 
will improve, and less true-up would be required going forward. 

Of course, while this accounting proposal would provide information on the forest sector 
within the U.S., it would not measure leakage at international levels (for example, if timber 
harvesting relocates to other countries). Our solution is to engage the global forest sector in 
reducing emissions and increasing sequestration through well-designed incentives provided by 
our carbon market. This would also help mitigate against unintended consequences overseas, 


"All Ihc numbers in this example are simply intended for the purposes of illustration and do not necessarily reflect 
our expectation of either the magnitude of carbon stock changes under a forextiy offsets program or the potential 
precision of forest carbon measurements under a national accounting system. 
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such as the changes in land use that have occurred in response to the surge in demand for 
biofuels. 

A focus on quality allows the U.S. to go global 

In addition to recognizing the opportunity presented by judicious use of domestic offsets, 
EDF believes that similarly careful use of high-quality international offsets can serve as a 
valuable cost management device in the context of U.S. cap-and-trade legislation. However, it is 
important to understand one key fad with respect to emissions reductions from abroad: not all 
“international tons” arc equal. EOF believes that the selection of international offsets must be 
driven by the necessity to achieve global greenhouse gas reductions that avert catastrophic 
climate change. As a result, if the U.S. does its part with comprehensive climate change 
legislation, international offsets should be allowed into the U.S. carbon market only if they arc 
part of a program that significantly reduces national-scale emissions of greenhouse gases from 
the country of origin to help meet global redudion targets. S. 2 1 9 1 currently allows for some 
use of international credits, but provides no role for the major opportunity that currently meets 
these requirements while offering the potential for low-cost near-term emissions reductions: 
crediting tropical nations that reduce deforestation-related emissions. 

Were Congress to structure the U.S. carbon market to compensate developing countries 
for emission reductions that lower their rate of deforestation nationwide below a historical 
baseline, Congress would strengthen those nations' climate and biodiversity protection efforts 
and create a model for engaging developing countries broadly. 

A forest carbon ton program differs from project-based forestry credits (c.g., credits 
awarded through the Clean Development Mechanism of the Kyoto Protocol (CDM) in at least 
two important respects. First, on the question of additionality, the use of nation-wide historical 
baselines means no further proof of additionality is needed. Second, on the question of leakage, 
the use of national baselines means that no proof of wilhin-counlry leakage is needed, as shifts in 
deforestation within a country would be netted out. However, on this latter point, it should be 
noted that inter-country leakage (the possibility that deforestation relocates to other countries) 
will remain an issue whenever less than all nations have emissions caps. The solution to this 
problem is to invite more and more nations to participate in cap-and-trade. By systematically 
addressing the questions of additionality and leakage, a carbon forest ton program would not 
require additional discounts or other means of addressing these two important concerns. 

It is important to note a key distinction with forest carbon emissions reductions credited 
below a historical national baseline. These arc not offsets from unregulated sectors in foreign 
countries that do not have a program to reduce national-level emissions. Rather, because 
deforestation is the largest source of emissions for many developing countries, such a program 
would involve trading between a developed country cap and a developing country with an 
cmissions-rcduclions program that covers a major share of national emissions. 

We believe that carbon market compensation for tropical countries that stop or reduce 
deforestation is a critical component of a U.S. cap-and-trade regime. For the last year. EDF has 
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been working wilh Sustainable Forestry Management, the Nature Conservancy. Conservation 
International, Defenders of Wildlife, and the Wildlife Conservation Society as well as a number 
of major companies, including Shell, American International Group (AIG), Pacific Gas and 
Electric (PG&E). American Electric Power (AEP), and Duke Energy, as part of a Forest Carbon 
Dialogue (FCD) that seeks to include domestic and international forest carbon provisions in U.S. 
climate legislation. 

The FCD partners firmly believe there is a clear and compelling economic case for 
including deforestation in the climate regime. This is a low-cost mitigation option available 
now, as both the Stem Report and the IPCC have noted. 11 Accordingly, we should be 
developing mechanisms to take advantage of these reductions and use them as a bridge as we 
work toward the fundamental transformation of our energy system. From the U.S. domestic 
perspective, recognizing credits for reduced emissions from deforestation in our own cap-and- 
tradc system could therefore provide significant cost-control benefits and much-needed 
flexibility to regulated entities in the U.S., and U.S. As a result, consumers would benefit from 
lower prices for the goods and services produced by these U.S. companies. Forest carbon is a 
critical part of the effort to control compliance costs in a U.S. cap-and-tradc system. 

Recommendations for including international forest carbon credits 

The U.S. Congress has a real opportunity to lead on the deforestation issue by including 
provisions that recognize credits for reduced emissions from deforestation in developing 
countries. Both of these actions— fossil fuel reductions by developed countries, combined with 
reductions in deforestation by developing countries — can help keep us on a path to avoid 
dangerous climate change. 

EDF supports the provisions in the current version of the Licbcrman- Warner bill that 
allocate 2.5% of total emissions allowances to international forest carbon activities. But we also 
believe that the current provision that allows regulated entities to satisfy' 1 5% of their compliance 
obligations with credits from international trading systems should be expanded and opened up to 
explicitly include credits for international forest carbon activities. In Appendix 2, we provide a 
detailed description for how crediting of reduced emissions from deforestation and forest 
degradation (R£DD) could be put into practice under U.S. cap-and-trade legislation similar to 
S.2 191 . This would allow regulated entities in the U.S. to lap into the cost-control benefits of 
these activities, thereby reducing the overall costs of a cap-and-trade program to tire U.S. 
economy. All of this would also give a huge boost to the effort to protect and restore tropical 
forests in developing countries and encourage those countries to participate in a global climate 
protection effort. 


: ‘lnlergovenuncntal Panel on Climate Change, Climate Change 2007: , irrigation of Climate Change, Summary for 
Policymakers (4 May 2007), page 21. Available at: htlD.'i'mrw.ipcc cVSPMOSOSOT.rKlf . 

Stem, Nicholas. The Economics of Climate Change The Stem Review (October 2006), page 537. Available at: 
hiip.' l ’www.hni-trtastiri,itov uk inikrcndenl rtviewsiteni review economics climate change.' 
sicffi review Rcjon.cfm 
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Wc hope, therefore, that the members of this committee will embrace the concept of 
incorporating reduced emissions from tropical deforestation in U.S. cap-and-tradc legislation. 
U.S. leadership on this issue would send a powerful message to the international climate treaty 
talks, where the deforestation issue has languished for years and is only recently gaining positive 
attention. 

A word about offsets from the Clean Development Mechanism (CDM) 

Earlier, 1 distinguished betw een emissions reductions obtained in the context of an 
emissions cap, and those coming fiom uncapped sectors or nations. Before my concluding 
comments, I would like to return to this point. 

As comprehensive legislation moves forward, some are advocating that Congress allow 
credit for carbon tons generated in nations without an emissions cap. Many of these projects 
would qualify to enter the global market through the Clean Development Mechanism of the 
Kyoto Protocol (CDM). Advocates for inclusion of “CDM tons." or emissions reductions from 
uncapped nations, suggest this as a means of engaging developing nations while doing something 
good for the planet. While Environmental Defense Fund strongly advocates incentives for 
engaging developing nations, bringing unrestricted CDM credits intb our carbon market is not a 
good idea. 

Why? Simply put, emissions reductions from uncapped nations are not necessarily 
emission reductions - unless, of course, these nations have some other comprehensive national 
cmissions-reduction program, such as crediting nationwide reductions in deforestation emissions 
below a historic baseline. While Kyoto caps industrialised nations ' emissions, it allows 
developing countries to earn emission credits from individual projects, even if those countries 
have not creat ed a national-l evel program to cap or otherw ise reduced those emissions, and to 
sell those credits to entities in developed countries to use in complying with their caps. These 
are CDM projects. The CDM has given participating countries valuable experience, on a 
project-by-project basis, with reducing GHG emissions. But overall, those projects do not 
necessarily reduce emissions nationwide. That is because under the CDM, an emission reduction 
earned in a developing country can be credited to an industrialized country's emissions account, 
but no corresponding permanent debit is mode from the developing nation’s emissions account, 
since its emission's are uncapped and can thus continue unchecked. The net result of the CDM 
transaction is to, at best, keep global emissions at the same levels they would have been had 
emissions continued to increase unabated in the developing country, even while the 
industrialized country is still able to use CDM credits to reduce Use costs of meeting its target. 

While this might provide a valuable learning opportunity for the participating nations, the 
science is clear: the climate can only be stabilized if there is effective emissions abatement in 
both industrialized and developing countries. Consequently, to achieve the global emissions 
reductions needed, all major emitting nations should eventually graduate from CDM projects 
toward national GHG management programs. Let me stress “eventually” - we recognize the 
value these projects currently represent to the countries that have them. 
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Wc understand that S. 2191, as reported out of the EPW committee, does not specifically 
include CDM credits, and states that, to be allowable, foreign credits must come from a capped 
country. EOF supports the direct exclusion of CDM credits from the U.S. carbon market and 
believes that Congress has more environmentally-sound cost containment options at its disposal 
as well as more effective ways of engaging developing countries. If, however, Congress opens 
the U.S. carbon market to CDM credits earned in major emitting uncapped nations, it should do 
so subject to restrictions designed to ensure that the CDM credits actually contribute to reducing 
overall global emissions. Here are some potential ways to bridge the gap: 

• Impose progressively tighter limits on major emitting countries' credit sales until such 
time as they cap their total emissions. 

• Apply a mandatory "multiplier - to project-based carbon credits from uncapped nations. 
Under the multiplier approach, Congress would require U.S. emitters to tender such 
credits ona 1.1:1, or 1.5:1, or even 2:1 basis for compliance with their domestic 
emissions caps. The additional tons of credits generated by the multiplier could then be 
permanently retired from the system, thereby ensuring that such projects deliver globally 
real reductions. 

• Address the situation in which CDM credits could come into another country's cap-and- 
tradc program, and then be switched out for that country’s national emissions allowances, 
which could then flow into the United States under the 1 5% for international credits 
provision, for example, by closing the U.S. market to such international credits unless the 
other country adopts parallel multiplier provisions for CDM credits coming into its 
market. 

• At the same time. Congress could instruct US delegations at future sessions of the 
UNFCCC to negotiate for inclusion in the next international climate treaty a sunset 
provision of CDM crediting for major emitting countries. Such a provision, structured 
together with incentives for the early adoption of national greenhouse gas management 
programs, would encourage uncapped major emitters to move more quickly towards 
capped trading. If such an approach is not politically realistic in the near term, the US 
delegation could also negotiate for a multiplier provision on CDM credits from major 
emitting countries to be adopted at the point of issuance by the CDM Executive Board, 
thus avoiding the possibility of credit laundering noted earlier. 

Concluding remarks 

EDF appreciates the opportunity to underscore the important benefits of a well-designed 
policy to harness the cost-effective emissions reduction and carbon sequestration potential 
offered by agriculture and forestry. Wc believe that domestic offsets and international forest 
carbon credits can serve a crucial role in curbing greenhouse gas emissions and reducing the 
costs of a cap-and-tradc program - with the additional benefits of valuable ecosystem 
preservation and engaging developing countries in a global climate solution. 
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Successfully addressing the escalating threat of climate change will require ambitious 
international action that takes advantage of all credible options for reducing emissions - 
including the substantial opportunities offered by agriculture and forestry at home and abroad. 
With the right rules and standards, domestic offsets and international forest carbon credits can 
help achieve that goal. 

We hope our ideas and analyses will prove useful as you consider the role of offsets in an 
effective national climate change policy. Thank you and I will be happy to answer any questions 
you and the committee may have. 
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Appendix 1. 

Internal HI)K analysis: Modeling the cost control potential of international forest carbon 

Overview 

We model a global carbon market in which the price of credits is determined by the interaction 
of demand and supply, and banking is explicitly taken into account. Demand is driven by the 
limits established by government on greenhouse gas emissions. We assume that the United Stales 
implements the caps proposed in the current version of S. 2191. With respect to the stringency 
of international policy, we follow the scenario used by HPA in its analysis of S.2 1 9 1 . In 
particular, we assume that the European Union continues its greenhouse gas emissions trading 
system and extends it beyond 2012, in accordance with recent announcements; that other 
industrialized countries follow suit; and that large emitters in the developing world agree to 
mandatory caps on their emissions beginning in 202S and tightening in 2035. While these 
assumptions were followed to provide comparability with EPA's analysis so as to focus attention 
on the cost-containment potential of international forest carbon, they do not necessarily represent 
EDF's preferences or expectations for the post-2012 policy regime. 

We assume that the European Union allows regulated entities within its Emissions Trading 
Scheme to use unlimited international offsets for compliance, including forest carbon ton 
allowances as well as energy-related CO; reductions from the developing world (i.e., CDM 
credits). This assumption does not reflect current reality: at the moment, the EU-ETS imposes 
strict limits on offsets (and indeed has not recognized tons from tropical deforestation). 

However, we view the assumption as a reasonable benchmark assumption for the post-2012 
period studied here. Moreover, we hold this assumption constant throughout the analysis, so that 
it docs not affect the magnitude or direction of the difference in U.S. allowance prices under 
different U.S. policy scenarios. 

Policy scenario s and results 

We consider the following set of policy scenarios for the United States: 

Scenario I — Benchmark policy scenario representing S, 2191. International credits and 
domestic offsets arc each limited to 1 5% of compliance. Importantly, we assume that within 
the category of international credits, only allowances from capped countries are permitted, 
following the current approach in S. 2191. Given the modeled scenario for international 
policy, this means that industrialized countries are the only source of international credits for 
the period 2012-2024. 

Scenario 2 — Same as Scenario ft 1 , but with no limit on credits from international forest 
carbon, including emissions reductions from reduced deforestation, afforestation, and forest 
management. 

Scenario 3 — Same as Scenario H2, but assuming that only half as many international forest 
carbon tons arc available at any given price (i.e., multiplying the quantity by 0.5). 
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Table A I presents our key results. 

Table At: Results from EOF analysts of forest carbon credits 


Scenario 

Policy assumption 


% change 

1 

Benchmark L-W 

$24 

— 

2 

International forest carbon credits 

$16 

-33% 

3 

International forest carbon credits (lower 
availability) 

$18 

-25% 


In Scenario 2, 23% of the projected emissions reductions achieved under the policy come from 
international forest carbon, calculated on a cumulative basis over the entire period 2012-2050. 
Stated as a fraction of cumulative emissions, this amounts to 35%. 2J In Scenario 3. forest carbon 
accounts for 15% of projected emissions reductions (22% of cumulative emissions). In both 
scenarios, these reductions in forest carbon are concentrated in the first two decades of the 
program, with many of the resulting credits being banked for later use. Just over half comes 
from reduced tropieal deforestation. 

It is worth emphasizing that this exercise is meant only to demonstrate the potential for using 
forest carbon tons as a cost containment tool. Wc have modeled a scenario allowing unlimited 
forest carbon credits because such a scenario provides information on the magnitude of the 
opportunity, while recognizing that in practice. Congress could choose to establish limits on the 
use of forest carbon tons, w hich would dampen Use impact of those credits on allowance prices. 

Note on methodology and sources 

As noted above, demand for allowances is driven by the emissions caps imposed by government 
policy. International policy assumptions follow the EPA's analysis ofS.2191: 

• Group I countries (European Union and the rest of the industrialized world, except 
Russia) continue reducing emissions roughly in line with the current Kyoto Protocol: 
emissions in these countries fall to 50% below 1990 levels by the year 2050. 

• Group 2 countries (rest of the world) follow a three-stage path: no emissions limits 
through 2024; reductions to year-2015 levels for the period 2025-2034; and reductions to 
year-2000 levels for 2035-2050. 

Note also that the model incorporates hanking, as described below. As a result, in addition to 
current demand in each period (driven by current compliance obligations), in early periods there 
is also demand for banking. 


''Tola! allowable emissions under S.219I are 146.4 gigatonnes of C02 -equivalent. while total emissions projected 
undo the EPA's reference scenario are 371 2 GTC02e; the difference, or 225 GTC02e. equals cumulative 
abatement Hence the ratio of abatement to allowable emissions is 3 X 
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The supply of credits comes from abatement and sequestration activities throughout the world. 

We use EPA's marginal abatement cost curves for energy-related and non-C02 emissions 
reductions in industrialized and developing countries, and for noo-C02 abatement in the United 
States." ’ The estimates of U.S. energy-related abatement supply curves are taken from an 
analysis by researchers at the Massachusetts Institute of Technology, using the EPPA model. 2J 
Finally, for international forest carbon activities we draw on estimates by Brent Sohngen of Ohio 
State University. 25 These marginal abatement cost curves shift over time, reflecting assumed 
changes in technology and underlying conditions (e.g. baseline rates of deforestation). 

The model solves for an intertemporal equilibrium in which two conditions arc met in every 
year: (I) the present value of the international credit price is equal in every period (i.e„ the price 
rises at the market rate of interest, assumed to be 5%); and (2) the market clears (i.e. the quantity 
of credits demanded at the current price, including banked tons, equals the quantity supplied at 
that price). To do this, we use the banking macro included in the Offset Market Tool program 
developed by the EPA and made available in the Data Annex to its analysis of S.2I9I. 

Limits on certain types of credits and offsets are modeled as follows. 

• In the EU. energy-related credits from uncapped countries — ‘here, developing countries 
before 2025 — arc limited to 10% of total compliance. This is roughly in line with 
current EU practice limiting tons from the Clean Development Mechanism (CDM). This 
limitation is relatively easy to model, since under our policy assumptions those tons are 
not permitted directly into the United States. 

• In the United States, the 15% limit on domestic offsets is modeled by expanding the cap 
by 15% (as in the MIT analysis of S. 2191). This approach (which simplifies the analysis 
considerably) amounts to an assumption that domestic offsets in the United States will be 
sufficiently inexpensive that the limit will always be met. This may not be true in 
practice: for example, the EPA's analysis of S.219I finds that the quantity of domestic 
offsets supplied will be below the 15% limit for the first few years of the program. As a 
result, our approach means that we may be slightly underestimating the allowance price. 
However, our focus here is on the impact of international forest carbon tons. Because our 
treatment of domestic offsets is held constant throughout our scenarios, it is unlikely to 
affect our main conclusions. 


‘'These estimated marginal abatement cost curves are included in the technical materials provided by the EPA in its 
Data Annex to its repoet on S2I9I, available at Mmii/www.emeovclinMlccliMfcdownlotids/DataAnncx- 

energy -retailed marginal cost curves from the results of MITs modeling of U.S. climate policy 
presented in Sergey Paltsev. John M. Reilly, Henry D Jacoby. Angelo C Gtirgcl. Gilbert E. Metcalf, Andrei P 
Sokolov, and Jennifer F. Holak, “ Assessment of U.S. Cap-and-Tradc Proposal!," MIT Joint Program on the Science 
and Policy of Global Change Report No. J 16 (April 2007), 66 pp. 

”We use Sohngen’s curves from the Energy Modeling Forum 2 1 based on rising carbon price scenarios, which are 
the most internally consistent with our model structure- these data are available at: 


SUiSLac 
; ‘Wc derive 
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• Finally, our model estimates that international credits other than forest carbon would 
amount to just under 1 5% of total U.S. demand even in the absence of any constraints 
imposed by government. As a result, the 15% limit on international credits in S.2191 is 
not binding, and docs not require explicit modeling. 
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Appendix 2. 

Low-Cost Reductions of Greenhouse Gas Pollution and Saving Tropical Forests: 

How Reducing Emissions from Deforestation and Forest Degradation (REDD) Can Work 

in the United States 


Environmental Defense Fund believes that carbon market compensation for tropical countries 
that stop or reduce deforestation should be a critical component of a U.S. cap and trade regime. 
The concept is simple. Any nation that reduces deforestation below a baseline based on average 
national historic deforestation rates would be eligible for compensation, receiving emissions 
allowances tradable in the U.S. market. The compensation would be awarded post-facto, 
successful countries would receive compensation after 2012 after real reductions were concretely 
measured. Two key conditions would help ensure the environmental integrity of the program: 

> A real and verifiable historical (i.e„ not business as usual) baseline. Satellite data, readily 
available, should be required to provide robust historical baselines of deforestation in most 
developing countries. 

> Accurate measurement. National remote sensing programs, supplemented by on-the- 
ground surveys, should be required to provide rigorous measures of actual deforestation. 

At least one tropical forest nation. Brazil, has begun to demonstrate that it is possible, with 
serious and committed effort, to reduce deforestation through the application of these principles. 
The following steps show how such a system can be put into practice, once Congress passes and 
the President signs national cap-and-tradc legislation: 

1. The EPAAdministrator will establish a scientific panel on emissions reductions from tropical 

de forestation, including the Department of State, US Forest Service, independent scientific 

r esearch institutions and the private sector. The panel establishes criteria for monitoring and 
measuring deforestation and sening deforestation baselines, consistent with accepted 
international standards, in particular, the IPCC Good Practice Guidelines for Agriculture, 
Forestry, and Other Land Uses. The panel will establish the lime period over which deforestation 
reductions are to be measured and credited. Creditable reductions must represent an average of at 
least five years to compensate for annual fluctuations. In addition the panel will establish criteria 
for the independent certification of reduced deforestation, and evaluate and accredit independent 
certification bodies. The panel will further elaborate standards for tracking and measuring 
international leakage, using robust regional deforestation and economic modeling. The panel will 
finally formulate options for w hat percentage of certified emissions reductions must be held in 
reserve and not used to meet compliance obligations to insure against possible future reversal of 
reductions, and assignment of liability between buyer and seller. 

2. The.Secretarv of State, in consultation with the Administrator of the EPA . and th e scien tific 

panel on emissions reductions from tropical deforestation will negotiate a deforestation reduction 

baseline with a tropical nation that has incited CaMCilY 10 motlifor defcE 5 Jatia 0 Jndme.isure 

The baseline establishes the national deforestation rate below which reductions can be credited. 
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In the ease of Brazil, the average annual deforestation rate for the 1 990s, 20,000 km\ or about 
250 million tons C per year would be a reasonable option. Initially (at least for the first five year 
period), to simplify certification and monitoring, only clearcutling, not forest degradation from 
selective logging or forest fires, could be considered in the formulation of baselines and in 
awarding credit. The seller will create a national forest carbon registry in order to uniquely 
identify each forest carbon tons to be traded. The parties to the negotiation will agree that 
certified reductions in average emissions below the baseline achieved over a period of at least 
five years will be tradable in the US cap-and-trade system, by a forest carbon brokerage to be 
established by the seller. The parties will further negotiate the terms of a forest carbon insurance 
reserve. 

3. The tropical nation will reduce average annual deforestation below the baseline over a 
period of at least five years, and reductions will be certified bv an accredited independent 
ggflifisr. Qn lY-mnwil M tu;li 9 M.a£hisvtd^l^trufitd£m!;[itg.^in3tlgfviig<igK£t.taite>ii 
stocks. If, for example, Brazil were to take a baseline of 20,000 km 2 (equivalent to 250 million 
tons C) and incrementally reduce deforestation to zero over a period of ten years, it would be 
awarded credit for the reductions below 250 million tons C per year until year ten. Thereafter, as 
long as deforestation remained at zero, Brazil could market 250 million tons C per year (although 
as a precautionary measure, actual credit might still only be awarded every five years.) over a 
compliance period to be negotiated at the Copenhagen meeting in 2009. 
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they also reduce fossil fuel consumption on the farm. No other sector can 
offer such high-value offsets to society at such a low cost 

As we move to a mandatory Greenhouse gas reduction system, buyers will 
demand projects pass rigorous measurement and verification tests. The 
dairy industry is already poised to provide high quality offsets that can be 
measured, verified and sold today. Those who say U.S. agriculture cannot 
offer a real mitigation solution are simply wrong. U.S. agriculture and 
forestry are some of the only sectors with currently available, high-quality, 
low-cost, verifiable emissions reductions technologies. 

Mitigating and solving our climate crisis will not be easy. Other world 
players were initially hesitant to include ag and forestry as part of the 
solution In hindsight countries outside the U. S. are realizing that was a 
mistake. They are now incorporating ag and forestry offsets as vital 
components of their climate mitigation strategies. The U.S. has a unique 
opportunity to provide international leadership by crafting reasonable and 
innovative ways to include Ag and forestry offsets as part of the solution. 
Agriculture is ready and willing to meet this challenge. 

Because of our conviction that we can mitigate emissions, the Agricultural 
Carbon Market Working Group has endorsed unlimited offset markets. So 
has a report just released by former Majority Leaders Daschle and Dole, 
on behalf of the Bipartisan Policy Center. I would respectfully ask that this 
report now be submitted for the record. 

Stewardship has been a Wittman Family Farm tradition for four 
generations. We were selected as the national Millennium Farm Family in 
2000 by the Ag Earth Partnership for our stewardship approach. Efforts to 
improve our conservation efforts didn't stop with this award. For decades 
we have measured stewardship by what we could see above the ground. 
That's not enough. Any realistic discussion about sustainability must 
address the quality of our "soil production factory". Natural resource 
providers must all become better "carbon managers." Carbon markets and 
potential for ag offsets revenue provide the dual benefit of helping our 
climate while also providing new incentives to improve soil quality. 

Thank you once again for the chance to speak to you today. I will gladly 
answer any questions and assist you in crafting responsible policies as we 
move forward. 
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TESTIMONY OF LAURIE A. WAYBURN 
PRESIDENT, THE PACIFIC FOREST TRUST 

BEFORE THE SUBCOMMITTEE ON RURAL REVITALIZATION, 
CONSERVATION, FORESTRY AND CREDIT 

COMMITTEE ON AGRICULTURE, NUTRITION AND FORESTRY 

'CREATING JOBS WITH CLIMATE SOLUTIONS: 

HOW AGRICULTURE AND FORESTRY CAN HELP LOWER COSTS 
IN A LOW-CARBON ECONOMY" 

UNITED STATE SENATE 
MAY 21, 2008 


Good afternoon. Madam Chairman, Senator Crapo and members of the Subcommittee. 

Thank you for holding this important hearing to address the opportunities for farmers 
and forest landowners in US. climate policy. I am honored to testify on the potential of 
private working forests in addressing the challenge of dimate change. We look forward 
to working with you as you integrate the agriculture and forest sectors into an 
economy-wide climate strategy. 

I am President of The Pacific Forest Trust, the nation's leading non-profit organization 
dedicated to conserving America's private working forests for their many public 
benefits, including climate stabilization. The Pacific Forest Trust owns, manages and 
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conserves working forest lands. We have directly conserved working forestland valued 
at over $160 million dollars, and worked with owners on conservation and stewardship 
planning on over several million acres in the West and Canada. 

In California, The Pacific Forest Trust has been instrumental in advancing the role of 
forests in the state's climate change programs. We were asked by the state to develop 
the Forest Protocols of the California Climate Action Registry (CCAR) through a broad 
stakeholder process, leading to their adoption last October by the California Air 
Resources Board as the first voluntary early action measure under AB32, the Global 
Warming Solutions Act of 2006. We are now engaged in the stakeholder processes 
advising the California Air Resources Board as it designs the full implementation of AB 
32, as well as for the design of the Western Climate Initiative, which has the goal of 
developing a comprehensive climate strategy in seven slates and three Canadian 
provinces. The Pacific Forest Trust has been engaged in the Northeast states' Regional 
Greenhouse Gas Initiative (RGG1) and Washington State processes as well. We have 
worked on these issues surrounding the role of forests in climate change nationally 
since 1993. 

In my remarks today, 1 will address the potential of private working forests to reduce 
net carbon dioxide emissions both directly and through offsets. I will also share the 
lessons learned from our experience in California and across the country with forest 
protocol and climate policy development and our own forest management project 
certified by the CCAR that is in the process of selling some 250,000 tons of emissions 
reductions in the voluntary and pre-compliance carbon market Our experience shows 
that forest emissions reduction projects are a realistic, cost-effective, practical market 
tool that can deliver real climate gains and also conserve forests and their many 
economic and public benefits. 

By including forests in climate policy in an integral way, the US. can achieve 
significant, synergistic gains for climate mitigation and adaptation, landscape level 
forest conservation and restoration, more sustainable forest management, and, 
potentially, alternative fuels. With a comprehensive strategy, tens of billions of CO 2 
emissions reductions are possible from our forests over the next 50 years. The U.S. 
could demonstrate international leadership by designing a global model for the 
incorporation of the land and forest sector in climate policy, facilitating integration with 
other economic sectors and creating meaningful new markets for conservation, 
restoration and sustainability. 
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U.S. Forest* and Climate Change 

It is now clear to the scientific community that the earth is warming and that it is doing 
so faster, more intensely and more broadly than predicted. Leading scientists globally, 
including our own Jim Hansen, have stated that our global inputs of COj are, in fact, 
higher than thought, and that therefore we need to reduce emissions more significantly 
titan previously thought; that we must act across all significant sectors of CO 2 
emissions; and that we must act swiftly to implement solutions if we are to achieve 
climate stabilization. 

The US. must address the challenge of climate change in a comprehensive, effective, 
and economy-wide manner, recognizing forests are and have been a significant source 
of CO 3 emissions as well as an important mitigation tool. There are several key data 
points to remember as the Congress addresses climate policy over the next several 
years. 

First, forests absorb CO 2 as they grow and store COj as woody tissue for centuries and 
even millennia. Forests release COj when they are disturbed. Forest harvesting 
releases 2/3 of the COj stored in the trees over time; one third within five years and 
another third over time as stumps and woody debris left behind decay. The final third 
is transferred to wood products, where, on average 2 percent of this carbon is released 
per year through decay. 
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HOW CARBON DIOXIDE FLOWS IN FORESTS: 

STORES. EMISSIONS * REDUCTIONS 



Forest loss and depletion accounts for roughly 25 percent of worldwide COj emissions 
today and was the source of 40 to 50 percent historically. The loss and depletion of 
temperate forests, such as ours in the US., is a key contributor to today's atmospheric 
concentrations. Because carbon emitted into the atmosphere takes at least 100 years to 
cycle back into ecosystems, there is still CC >2 in the atmosphere today from U.S. forests 
cleared and harvested in the 1800s. Now, with the loss of virgin forests in the tropics as 
a key new source of forest related emissions, tropical deforestation is becoming a 
serious issue in the international climate negotiations, opening an important door to 
bring developing countries into the global climate policy solution. 

In the U.S., significant greenhouse gas emissions occurred with initial harvest of old 
growth forests as well as with the conversion of land to development and agriculture. 
Conversion to development causes not only the emission of biological stocks in those 
forests, but also the loss of any future sequestration. COj emissions are still generated 
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from on-going land conversion and forest depletion, primarily if not exclusively on 
privately owned forestlands. 

Forest carbon stores on public lands in the US. are now managed to be relatively stable 
to increasing over time -an important asset in tlve US. carbon bank. However, the 
private forest "sink" is declining as forests are being lost to development at a rate and 
scale not seen for a hundred years. One and a half million acres of private forests are 
lost annually in the US. to conversion and development; more private forestland is lost 
to conversion than any other type of land. Once forests are converted to other uses, not 
only do CO: emissions result, but also future carbon sequestration potential disappears. 

In addition, most private forests in the US. currently store significantly lower carbon 
stocks than they could naturally maintain. Therefore, this sector is unique because of its 
very significant potential to re-ahsorb its own and other sector's COj emissions from the 
atmosphere through actions to increase carbon stores across the landscape. 

If done well, forest management and restoration can sequester vast amounts of carbon 
for long periods of time, often hundreds of years. New research with advanced eddy 
flux technology that measures the release and uptake of CO: from forest ecosystems his 
shown that older forests, even old growth, continue to take up massive volumes of 
carbon. Further, recent research on western dry forests from Woods Hole Research 
Center again has shown that older forests hold significandy greater carbon stores than 
younger forests. As a practical example, extending harvest rotations to allow trees to 
grow older before timber harvest enables them to absorb more carbon, maximizing 
climate benefits while continuing to supply sustainable wood products. 
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TIME 

Generalized forest carbon stores over time for U.S. forests 


The simple analog)' to explain this strategy is banking. Planting a new forest is like 
opening a new bank account with very little money, but with a high interest rate. 
Managing an older forest for carbon is like holding on to a large bank account with a 
lower interest rate. The older forest hank account will add value - and carbon volume - 
more quickly than the new forest account. To fight climate change, we need to both 
grow older forests and plant new forests to restore our depleted forest carbon banks. 

By doing so we can have a significant impact on climate, yield more timber and other 
forest products over time, and produce new alternative energy stocks as well. 

Engaging the Forest Sector in U.S. Climate Policy 
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Federal climate change policy should address forest conservation and sustainable forest 
management This is because we need to avoid the increasing greenhouse gas 
emissions from forest conversion that is growing again, and because we have the ability 
to significantly increase forest carbon stocks from our existing forests. This strategy can 
reduce greenhouse gas emissions, increase carbon stocks in forests, expand forest 
conservation and foster the resiliency of our forests to climate change simultaneously - 
while reducing overall costs of climate policy. Like any other economic sector, forests 
can provide real, additional, permanent, verifiable and enforceable greenhouse gas 
reductions. By setting strong standards, these reductions can meet a high level of rigor 
and accuracy so that they are equivalent to reductions in other sectors. 

The U.S. could reduce net COj emissions by tens of billions of tons in the next 50 years 
through several broad mechanisms: 

o Reduce forest loss 

o Restore forest carbon banks 

o Reforest former forests 

The provisions of a economy-wide greenhouse cap and trade bill should increase the 
function of forests as enhanced carbon sinks and reduce their role as sources of COr, 
while increasing incentives for landowners to manage their forests for climate benefits 
through the emerging market in carbon credits. A carbon market can provide added 
revenue for landowners to permanently conserve more forests and practice the type of 
management that results in carbon-rich forests. In this market, forest owners 
committed to increasing net carbon stores can sell these gains to those who cannot 
otherwise reduce their carbon dioxide emissions. There are also millions of acres that 
were formerly forests but are now marginal land in other uses that could be restored 
with financing from the market 

Incorporating forest strategies into national climate policy will also bolster the 
sustainability of our domestic timber supply in an environmentally sound way, 
providing added return to forest owners and, in turn, sustaining forest sector jobs and 
creating new positions related to the carbon market New job opportunities can be 
significant For example, the Washington State Climate Advisory Team estimated that 
by implementing a suite of forest and agriculture climate strategies, nearly 5,000 new 
jobs would be created in those state sectors by 2020. If we consider the many other 
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states with forest and land resources, that job creation figure could rise to well over 
200,000 new jobs nationally. 

Further, in the transition to a carbon constrained economy, forests can play an 
important near-term role since many of the energy technologies that will reduce carbon 
emissions in the future are not ready to deploy in the short run and forest conservation 
and sustainable forest management can deliver results immediately. When forest 
conversion is reduced, there are immediate results in reduced greenhouse emissions. 

A robust carbon market that recognizes verifiable gains in forest sequestration can 
reduce economic costs of climate change mitigation significantly. While there may be 
differences in the modeling and the underlying assumptions, several analyses of the 
cost containment of the offsets provisions in S. 2191, The Liebcrman-Wamer Climate 
Security Act of 2007, show real cost reductions. The EPA analysis shows allowance 
prices 2.5 times greater in 2020 and 2030 if no offsets arc allowed. MITs model of S. 

2191 assumes 15 percent domestic offsets and shows that if offsets are not permitted, the 
resulting allowance prices would be 15 percent higher in 2020 and 2030. 

Managing forest resources to increase carbon stores can also help increase resiliency of 
forests to the effects of climate change, including pests and fire. Among others, actions 
that can lead to both increased carbon stocks and resiliency include targeted thinning or 
prescribed bums (reducing catastrophic fire risk and leaving bigger trees with more 
room to grow), maintaining and restoring native species biodiversity, replanting and 
increasing riparian buffers, and reducing forest fragmentation. Increasing resilient 
ecosystems will further protect and enhance other key forest services, such as water and 
air quality, fish and wildlife habitat, and open space for recreation. 

Changing climate conditions arc not the only now stress on forest ecosystems in the 
United States. With the nation moving towards energy independence and reduced 
greenhouse gas emissions, cellulosic ethanol and woody biomass for energy will 
become more important offering another potential stress on private forests. However, 
bioenergy can also provide a new significant source of revenue to help keep forestlands 
in forest use. With more people and new infrastructure needed to utilize wood as a 
renewable energy resource, more jobs would be created as well. To avoid perverse 
outcomes and maximize climate and economic benefits, energy policy and forest 
climate policy should be integrated so that the impacts of each set of policies on the 
other are understood. 
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Forest types and management practices vary broadly around the country. There is no 
question, however, that each region can reduce forest-based emissions and can generate 
increased carbon stores. If we design climate policy from a national, landscape-wide 
perspective, we can ensure the best strategies are applied in each region as appropriate. 

While developing national forest climate policy, effectiveness will also depend on 
understanding private forest ownership patterns and how they are changing. An 
estimated 100 million acres of family owned forests are going through a process of 
intergenerational transfer, the integrated pulp and paper companies are divesting land 
assets, and real estate investment trusts and TIMO's have become the dominant large 
owner type. Optimally, a forest-climate policy must recognize these new market 
dynamics in creating mechanisms to increase net, durable carbon stores, conserve 
forests and create a new source of revenue for forest landowners. 


The Mechanics of Harnessing the Climate Benefits of Our Forests 

To make a real difference to the atmosphere, as well as to be successful environmentally 
and financially, forest climate policy requires rigorous accounting and measurement 
standards. Changes in U.S. carbon stores can be precisely measured, and the process is 
based on over a hundred years of research, using methods that are well accepted and in 
wide use. In addition, our forest sector is grounded in America's strong system of 
property rights as well as other legal and governmental institutions. 

When developing forest projects, fundamental climate policy principles must be met. 
Forest carbon sequestration projects must be real, additional, verifiable, permanent and 
enforceable. To be successful environmentally and financially, these policies require a 
transparent, standardized accounting and measurement system, and one that 
differentiates between public and private land ownership. 

In the United States, we have the capacity to create a robust system to meet these goals. 
The US. has the scientific expertise, institutional structures, and legal frameworks 
necessary for a system to account for real change annually in forest carbon projects. 
Uncertainties about the capacity in some of the tropical forest nations to create real, 
verifiable carbon credits have raised concerns about projects in our domestic temperate 
forests. In fact, in the US. we can produce high-quality projects with "a ton is a Ion" 
equivalency to oilier sector reductions. Tropical deforestation projects may need a more 
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basic approach of verifying that forests are simply still there, as quantification and legal 
and reporting systems are developed. 

Overall, the most important issue is that credits be given for carbon storage that is 
additional. To determine additionality, there must be a baseline. Baselines are long-term 
projections of what would have occurred in absence of a project often called "business- 
as-usual." A standardized approach to establishing project baselines is important 
because it is objective and may be replicated consistently. Carbon credits would be 
given for stores above the baseline, which would be that of existing law or best 
management practices, also known as "regulatory additionality". Within a set of 
standard guidelines for calculations, baselines for forest projects should be established 
on a state-by-state basis, since states and counties regulate private forests. 

As with any greenhouse gas emissions reduction in other sectors, the reduction should 
be permanent, and at a minimum have a benefit of 100 years. To address the issue that 
carbon stocks and future stores would be lost as COj emissions if lands are converted to- 
non-forest uses, conservation easements or other tools should be used to secure lands 
for climate benefits. In addition, buffer or reserve pools can be utilized to back-up any 
unexpected losses in forest carbon. 

U.S. climate policy should also be consistent with international standards so that credits 
in a carbon market are fungible and will produce a higher value for landowners who 
trade them. 

There is no reason to start from scratch on these issues. For years, forest scientists, 
economists, forest managers and policy officials have conducted careful analyses of the 
mechanisms to measure and monitor COj emissions from forests. While there are still 
data gaps at the national level that must be addressed to increase the robustness of the 
system, the fundamental tools exist. 

In addition to the development of the carbon market, there are other policies that can 
increase the carbon stock in 1)5. forests, including land conservation and other 
environmental policies. A toolbox of federal financing tools could significantly increase 
the acquisition of conservation casements or support other mechanisms to achieve 
secure climate benefits through additional grants, tax incentives, and low-interest loans. 

A comprehensive forest carbon policy could include a suite of policies at all levels of 
government to increase the stock of forest carbon and promote ecosystem resilience and 
adaptation. These polices would promote native species, dynamically stable forests. 
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and discourage deforestation permanently. Some of the possible policies that could be 
used in conjunction with a cap and trade policy include agriculture conservation 
programs. In the states, carbon management could be included in state forest plans and 
forests could be included in state climate plans. Further, forest fire prevention 
strategies should be designed to increase resilience of forests. 


The California Experience 

In California, we are in a transition from a voluntary system to a regulatory system as 
the state implements AB32, the Global Warming Solutions Act of 2006, which sets a 
mandatory target to reduce statewide greenhouse gas emissions to 1990 levels by 2020 

Prior to AB32, in 2001 the state legislature passed SB 1771 which established a voluntary- 
greenhouse gas registry, the California Climate Action Registry (CCAR). In recognition 
of the significant role of forests in climate change, the legislature subsequently passed 
SB 812, requiring the CCAR to integrate forests into the Registry, and develop protocols 
for forest emissions reduction projects. Following a four-year, broad multi-stakeholder 
process, the CCAR Board adopted the forest protocols in 2005. As I mentioned earlier, 
tire California Air Resources Board then adopted tire forest protocols in October 2007 as 
an early action measure in implementing AB32. 

The CCAR's forest protocols are an important model for how to incorporate forests as 
offsets into climate policy. The protocols are a standardized and transparent accounting 
system for forest-based greenhouse gas emissions and emission reductions. For the first 
time in the U.S., indeed globally, these protocols provide state-backed rigorous 
methodologies for creating regulatory quality COj emissions reductions through forest 
conservation, reforestation and working forest management 

Two years ago, on behalf of a private landowner, the Pacific Forest Trust submitted the 
first forest project to the CCAR for certification. The Van Eck Forest Project is 
comprised of 2,200 acres of working forest along the northern coast of California, 
producing significant climate benefits while continuing to provide a sustainable harvest 
of timber and high quality wildlife habitat. Restoring these forests to levels of carbon 
stock that it can naturally hold, the project is also providing synergistic other public 
benefits, such as for endangered species habitat and clean water. In fact, the property 
now has prospective habitat for spotted owls, which have recently been sighted. 
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In February of this year, following the review of our third-party verification results, 
CCAR certified the 2004 to 2006 emissions reductions for the Van Eck project In total, 
the Van Eck project will provide at least an estimated 500,000 tons of COj emissions 
reductions over the 100-year lifetime of the project. As required by the forest protocols, 
the project is further secured by a perpetual conservation easement, which runs with 
the property. Once certified, Natsource Asset Management LLC, a leading global 
emissions and renewable energy asset manager, purchased 60,000 tons of carbon 
emissions reductions because it believed that forest offsets are a key policy tool in the 
portfolio of activities to address climate change. The transaction is the first major 
commercial delivery of certified emission reductions under the California forest 
protocols. 

This project is increasing the net asset value of the property by over $2,000 per acre, 
providing a very significant, complementary income stream to sustainable forestry for 
the landowner. This landmark project has been followed by several others, and the 
CCAR expects at least 10 more projects to be submitted this year. The Padfic Forest 
Trust is developing projects on over another 10,000 acres for private landowners this 
year, as well. It is important to note that the revenue from these carbon sales goes to the 
landowner, not the Pacific Forest Trust for our goal is to incentivise them to remain 
forest stewards, and not yield to the trend to sell and convert their land. 

These projects are an important step in developing a carbon market for US. forests that 
deliver real, lasting emissions reductions. Since this transaction. The Pacific Forest 
Trust has received countless inquiries about selling certified carbon credits. The 
demand for high quality, pre-compliance emissions reductions is strong and growing. 

This market will create incentives for forest conservation, providing a new revenue 
stream for landowners while reducing carbon emissions from forest loss and increasing 
carbon stocks in forests in the United States. A federal cap and trade policy that 
includes forests will encourage the development of this market As such, it must ensure 
that the market is financially sound and delivers real benefits to the atmosphere. 

Indeed such a rigorous program is essential to reduce risk, which, in turn is critical to 
market development 


Lessons Learned 

• This is eminently doable. Forest offset projects are feasible now in the United States. 
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They can meet all of the goals of climate policy. They produce real, additional, 
verifiable, permanent, and enforceable increases in carbon stocks and reductions in net 
greenhouse gas emissions. 

• High standards and compliance regimes will produce higher carbon prices for 
carbon credits for forest landowners. The Pacific Forest Trust sold Van Eck project 
carbon credits at three to four times the price of commodity carbon credits in other US. 
markets and at higher prices in the retail market 

• Demand for high quality carbon credits is high. The financial markets need risk 
reduction to grow, and demand additionality, permanence and third party verification. 

• A private working forest can be managed to produce increased forest products and 
increased carbon stocks, as well as a create a resilient forest, increased supply of clean 
water, recreational opportunities, and habitat for fish and wildlife. 

• Finally, the market works. Climate policy that incorporates forests to reduce 
emissions and grow carbon stocks can also reduce the costs of climate policy and create 
a new revenue source for landowners. 

In conclusion. Madam Chairman, forest: are not only a bridge to a low-carbon future; 
they are a key component of a long-term strategy in US. climate policy. 

I appreciate the opportunity to testify this afternoon on the emerging forest carbon 
market and other strategies for increasing our forests' potential in addressing in climate 
change. 

Thank you. Madam Chairman. 
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TESTIMONY OF DICK WITTMAN, FORMER PRESIDENT, PACIFIC 
NORTHWEST DIRECT SEED ASSOCIATION AND MEMBER OF 
AGRICULTURAL CARBON MARKET WORKING GROUP 

Before the 

SENATE AGRICULTURE COMMITTEE 

May 21, 2008 

Madam Chairman, Ranking Member Crapo and Members of the 
Committee: 

Thank you for allowing me to speak about ways agriculture can help our 
nation mitigate greenhouse gas emissions in a timely, cost-effective 
manner. 

My name is Dick Wittman I manage a diversified family farm, ranch and 
timber operation in northern Idaho and also provide consulting services to 
agricultural family business. I am a member of many farm organizations, 
including the National Association of Wheat Growers. Farm Bureau, the 
Farm Financial Standards Council and am the past president of the Pacific 
Northwest Direct Seed Association. For the last three years I have been 
part of a national steering group of agricultural leaders studying 
agriculture's potential role in climate change. On behalf of this group — the 
Agricultural Carbon Market Working Group-1 commend you for looking at 
cost-effective strategies to achieve greenhouse gas emission reductions. 

Science has proven agricultural lands have great potential for sequestering 
carbon. Sequestration is a proven sink that offsets the impact of 
emissions. Analysis by the Pew Center for Global Climate Change and 
others indicates agriculture could provide up to 40% of the U S. reductions 
needed to return 2010 greenhouse gas emissions to 1990 levels. 

Consumers and resource providers both have concerns about potential 
negative impacts from a carbon constrained economy. These concerns 
include fuel, fertilizer, electricity and transportation costs. In my view, the 
real issue is: 'Do we pay now... or pay later at a higher price?” Our 
Working Group has studied emissions mitigation strategies being 
implemented across the U S. and abroad We've learned that, given the 
right incentives and education, there is almost no limit to the technologies 
and practices businesses and consumers can tap to reduce negative 
impacts on our climate. The organizations I represent urge you to 
recognize the diverse mitigation options that agriculture can offer. These 
include conservation tillage, forestry and agroforestry, reducing methane 
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from manure and ricelands, precision ag, displacing fossil fuel with 
renewable energy and reducing nitrous oxide emissions from croplands. 

Allowing market-based carbon offsets as part of a national cap-and-trade 
program provides a cost-containment measure for emitters and a shock 
absorber to our economy. A cap and trade system also helps make it 
“profitable" for farmers and foresters to invest in environmental 
stewardship. As an energy intensive industry, agriculture is sensitive to 
energy prices. It is in everyone's best interest to create incentives for 
transitioning to alternative energy that is affordable and less damaging to 
our environment Greenhouse gas offsets can play a huge role in creating 
those incentives. 

The Environmental Protection Agency and others have modeled the value 
of offset credits in cap-and-trade bills such as the Lieberman-Warner bill. 
They conclude that domestic and international offset provisions in S2191, 
capped at 15%. could reduce allowance prices by 93% over what they 
would cost without these offsets. With unlimited agricultural offsets, 
allowance prices could fall even further. EPA has confirmed that unlimited 
domestic offsets in S2191 will not hamper technological innovation, but will 
reduce costs of the entire cap-and-trade system. 

Many agricultural organizations are pursuing or already engaging in carbon 
aggregation services Soil carbon credits can be generated and traded in 
greenhouse gas markets with confidence. My personal experience bears 
this out. In 2002, the Pacific Northwest Direct Seed Association penned 
one of the first contracts in the U S. to engage in a voluntary carbon offset 
trade. We contracted with Entergy Corp, a Louisiana-based energy 
company, to direct-seed cropland for 10 years that would sequester 30,000 
tons of C02. Our experience with carbon trading has proven that 
education and incentives related to carbon offsets can result in significant 
changes in farming practices. These behavioral changes promote both 
economic viability and significant environmental improvement. 

Emissions offsets that the agricultural sector can generate are high quality, 
real, measurable and verifiable. Federal laboratories, agencies and land 
grant universities have long studied this issue. Soil carbon sequestration 
has many benefits beyond greenhouse gas emissions reductions: it 
improves air and water quality, reduces soil erosion, enhances moisture 
retention, and improves soil productivity. Agriculture has lost over half the 
native organic carbon in our farming soils across the U. S. over the past 
three hundred years from tillage, wind, and water erosion. Practices such 
as direct seeding (no till) are reversing this trend by sequestering carbon; 
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they also reduce fossil fuel consumption on the farm No other sector can 
offer such high-value offsets to society at such a low cost. 

As we move to a mandatory Greenhouse gas reduction system, buyers wil 
demand projects pass rigorous measurement and verification tests. The 
dairy industry is already poised to provide high quality offsets that can be 
measured, verified and sold today Those who say U S. agriculture cannot 
offer a real mitigation solution are simply wrong U S. agriculture and 
forestry are some of the only sectors with currently available, high-quality, 
low-cost, verifiable emissions reductions technologies. 

Mitigating and solving our climate crisis will not be easy. Other world 
players were initially hesitant to include ag and forestry as part of the 
solution. In hindsight countries outside the U. S. are realizing that was a 
mistake. They are now incorporating ag and forestry offsets as vital 
components of their climate mitigation strategies. The U S. has a unique 
opportunity to provide international leadership by crafting reasonable and 
innovative ways to include Ag and forestry offsets as part of the solution, 
Agriculture is ready and willing to meet this challenge. 

Because of our conviction that we can mitigate emissions, the Agricultural 
Carbon Market Working Group has endorsed unlimited offset markets. So 
has a report just released by former Majority Leaders Daschle and Dole, 
on behalf of the Bipartisan Policy Center. I would respectfully ask that this 
report now be submitted for the record. 

Stewardship has been a Wittman Family Farm tradition for four 
generations. We were selected as the national Millennium Farm Family in 
2000 by the Ag Earth Partnership for our stewardship approach. Efforts to 
improve our conservation efforts didn't stop with this award. For decades 
we have measured stewardship by what we could see above the ground 
That's not enough. Any realistic discussion about sustainability must 
address the quality of our “soil production factory”. Natural resource 
providers must all become better "carbon managers." Carbon markets and 
potential for ag offsets revenue provide the dual benefit of helping our 
climate while also providing new incentives to improve soil quality. 

Thank you once again for the chance to speak to you today. I will gladly 
answer any questions and assist you in crafting responsible policies as we 
move forward. 
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The American Farm Bureau Federation (AFBF) appreciates the opportunity to offer this 
statement for the hearing record. We thank the Committee and Subcommittee for holding 
this hearing on the important role that agriculture can play in addressing the issue of 
climate change. 

Legislation may soon be considered that seeks to address climate change by reducing 
greenhouse gas (GHG) emissions. Any such legislation will impose additional costs on 
all sectors of the economy as well as consumers, a fact that is of great concern to farmers 
and ranchers. Agriculture is already significantly affected by volatile fuel and natural gas 
prices, and we are concerned that climate legislation will raise the costs of energy and 
natural gas even further to levels that make it uneconomical to continue farming or 
ranching. Unlike other producers in the economy, agricultural producers cannot pass 
along the increased costs of production to consumers. It is extremely important that those 
costs be minimized to the greatest extent possible. Farmers are heavily dependent on the 
price and availability of inputs such as fertilizer, which is already adversely impacted by 
higher natural gas prices and the closure of many U.S. production facilities. A viable 
agriculture sector includes viable fertilizer and chemical industries. 

We are also concerned that climate legislation will severely undercut the ability of our 
producers to compete in world markets. GHG emissions are a global issue with global 
consequences. China is now the largest emitter of greenhouse gasses in the world. 
Unilateral action that imposes cost increases on American producers without a 
corresponding and similar commitment from other countries such as China, India and 
Brazil among others will clearly put American producers at a competitive disadvantage. 
Unilateral GHG reductions by the United States will have little impact on climate change 
if other countries continue to emit as usual. It is essential that any legislation must be 
contingent on GHG reduction commitments and actions by countries around the world, 
especially countries with high GHG emissions. 

According to the latest Environmental Protection Agency (EPA) "Inventory of U.S. 
Greenhouse Gas Emissions and Sinks: 1990-2005. " agriculture accounted for about 7.4 
percent of all GHG emissions in the United States. Agriculture lias the potei tial to 
reduce these emissions, and also to provide net reductions in GHG emissions from other 
sectors. There are a number of ways this can be accomplished: removing carbon dioxide 
from the atmosphere and storing it in the soil, reducing emissions through manure and 
soil management, and the production of biofuels. 


EPA estimates that agriculture and forestry have the potential to sequester about 20 
percent of all GHG emissions in the United States. According to the Pew Center on 
Global Climate Change, "every tonne of carbon added to, and stored in, plants or soils 
removes 3.6 tonnes of C02 from the atmosphere." 1 Sequestration potential can be 
realized or enhanced through the planting of cover crops, or adopting different farming 
practices or management. Unlike with other sectors where carbon reduction efforts are 


‘Agriculture's Role in Greenhouse Gas Mitigation.” Pew Center on Global Climate Change (2006) 
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from that sector, soil sequestration is not a reduction in agricultural carbon, but actually 
removes carbon dioxide from the atmosphere. 

Soil sequestration can occur through a change in agricultural practices that might include 
reduced tillage or no tillage practices. Soil must remain unfilled or else the sequestered 
carbon will escape. Carbon sequestration contracts would therefore prevent the 
landowner from tilling the soil for the specified period of time. After 20 or 30 years, 
soils become saturated with carbon. 

Livestock GHG mitigation activities involve the capture or destruction of nitrous oxide 
and methane, primarily as a result of manure management or more efficient livestock 
feed. In cases in which liquid manure is stored in lagoons, covering those lagoons can 
reduce GHG emissions. .Anaerobic digesters capture and break down GHG from 
livestock waste, and in some cases can convert it to energy, a seemingly ideal GHG 
strategy because it further reduces reliance on fossil fuels. Unlike the soil sequestration 
scenario, these mitigation measures are more permanent. 

Fertilizer and pesticide management is another area where GHG reductions can be 
achieved. Many of these practices have cither been recognized or arc in the process of 
being recognized. New technology is improving fertilizer and pesticide management. 

All of these mitigation practices involve costs for the producer. Many of these practices 
arc expensive, and cannot be borne by the average producer in the normal course of 
business. 

One additional consideration that makes agriculture unique is the fact that these carbon 
reduction or sequestration practices also have other desirable environmental benefits for 
the producer and for society. For example, the Conservation Reserve Program, which 
involves setting aside credible lands and planting a cover crop (thereby sequestering 
carbon), has as its primary environmental benefit the prevention of soil erosion and 
enhancement of water quality, and may also create or improve wildlife habitat. Carbon 
sequestration is a new ind important co-benefit of this program. Many other programs 
have similar environmental benefits, and carbon reduction or sequestration is a corollary 
benefit. 

Thai is why many farmers and ranchers have already adopted some of these practices and 
have been reducing or sequestering carbon without specifically managing for iL These 
“early adopters” should not be excluded from recognition just because they have been 
engaged in these practices for a longer period of time. 

In addition, we arc outlining below a senes of pnnciples that we believe must be included 
in any bill: 

1. No Carbon Tax. One approach being considered is to impose a specified tax on 
the right to emit a determined amount of GHG. This "carbon tax” is a punitive 
method for regulating entities that must emit GHG in order to produce the goods, 
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services, food and energy that sustain us. It does not directly reduce GHG 
emissions, but accomplishes this indirectly by imposing financial burdens that are 
so high that a reduction of GHG emissions is the result. Legislation being 
considered would create a “cap and trade” approach that limits the amount of 
GHG that can be emitted every year on a declining scale. It creates a market 
under which entities that cannot meet their assigned cap can buy allowances from 
others that have excess credits. Excess GHG emissions thus would be “offset" 
through the purchase of credits from carbon-reducing or carbon-sequestering 
projects, such as the types of agricultural projects described above. AFBF has not 
taken a position on any cap and trade proposal, but we are reviewing the 
economic impact of that approach. 

2. Legislation should not regulate agricultural practices or operations. Most 
legislation being considered would regulate GHG emissions from one or more 
sectors. There arc a number of reasons why agriculture must not be so regulated. 
Unlike other sectors, agriculture is comprised of tens of thousands of entities, 
many of them operated as small businesses, which would make tracking and 
enforcement of emission limits difficult, in fact, measuring emissions from any 
agricultural operation is extremely difficult in and of itself. Part of this is due to 
the fact that agricultural operations vary greatly across the country, and even from 
county to county. Crops, soil types and weather conditions — all conditions that 
can affect GHG emissions — vary so much that uniform rules, farming or ranching 
management practices and protocols are impossible. Also, a regulatory regime 
will not capture the added benefits that agriculture can provide through soil 
sequestration that are above and beyond agricultural emissions. The better and 
more practical approach is to encourage producers to engage in GHG reduction or 
sequestration projects that fit their operational needs instead of trying to require 
such activities. 

3. Any legislation should e n sure that farmers and ranchers can continue produ cing 
the food and fiber that feeds our nation and the world . We are concerned that 
climate legislation v ill severely impact farmers and ranchers by raising fuel, 
fertilizer and energy costs - which already are at historic highs - to levels that 
will make it uneconomical to farm. The GHG mitigation opportunities that we 
have been discussing are not available to all producers, such as those in western 
states that raise livestock on federal lands. Also, many producers have already 
adopted management practices that reduce or sequester carbon. Instead of being 
recognized for their early actions, current legislation docs not permit them to 
participate in offsets. Climate legislation needs to consider all of agriculture. 
Current legislation provides a possible mechanism for such assistance to 
producers through allocation of a certain amount of allowances. It is critical that 
this provision remain intact and become more focused to address the needs of 
agriculture. 

4. In any legislation that would establish a cap and trade system for the regulation of 
emissions, contributions that agriculture can make to carbon reduction and 
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sequestration must be available to help offset the reductions imposed on regulated 
industries bv the cap . As carbon emissions become regulated through a cap that 
declines every year, those entities that arc subject to emission allowances will 
incur costs to comply. These costs can be partially offset by buying “offset 
credits" that involve carbon reductions or sequestration by non-rcgulatcd entities. 
Economic models show that, at least initially, buying offsets will be cheaper for 
regulated entities, and thus will reduce the economic impacts to consumers who 
will ultimately bear those impacts. Use of offsets will ease the transition by 
regulated entities and consumers. Agricultural offsets should be included in the 
range of offset projects available to regulated entities. Many agricultural offset 
projects provide a number of other environmental-benefits than just carbon 
reduction or sequestration, so using these domestic agricultural projects to offset 
the economic impacts of declining carbon emission allowances will provide 
wildlife habitat benefits or clean water or soil erosion reduction benefits as well. 

5. An v cap an d t rade legis lation sho uld fully recog nize th e wide ranee of carbon 
reduction or sequestration benefits that agriculture can provide . Virtually every 
sector of agriculture has the potential to provide carbon reduction or sequestration 
benefits to help offset the costs of compliance with reducing carbon emission 
allowances. Many of these practices and methods are described above. Tillage 
practices can sequester carbon dioxide in soils, and forestry practices can also 
sequester carbon through planting trees and vegetation. Fertilizer and pesticide 
management can help reduce nitrous oxide and methane. Livestock manure 
management can reduce methane and nitrous oxide through practices such as 
covering manure lagoons or using anaerobic digesters. The only limits seem to be 
the creativity of farmers, ranchers and carbon project managers. Some manure 
management projects that capture methane from livestock operations use the 
captured methane as an energy source to run the operation, thus reducing fossil 
fuel use. These projects should also be "credited" and available as offsets. All of 
these practices reduce or sequester carbon or carbon equivalents, and all of these 
agricultural methods should receive “credit” for offsetting carbon emissions 
elsewhere in any cap and trade system that might be developed in the United 
States. 

6. Cap and trade legislation should not artificially limit the amount of credits 
avail able t o offset carbon emissions . Legislation being considered this year 
provides that regulated industries may not offset carbon emissions in order to 
meet yearly compliance obligations by more than 15 percent from domestic 
credits or 15 percent from international credits. Such an artificial cap would 
discourage producers from entering into carbon reduction or sequestration 
projects in a timely manner. Producers would be inclined to wait until offsets 
become available before advancing their projects. The cap creates a perverse 
incentive for project managers to wait until offsets become available for the 
market instead of undertaking the projects when they become available. The F.PA 
economic analysis of current legislation under consideration indicates that the 
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economic impacts of such legislation to industry and consumers will be less if the 
caps on domestic and international offsets were removed. 

7. Anv legislation must give the Depa rt ment of Agriculture a prominent role in 

administering agricultural offsets and other carbon reduction or sequestration 

projects . The Department of Agriculture (USDA) has both the institutional 
resources and technical expertise necessary to effectively administer any carbon 
offset allowance program. USDA has developed methods for measuring carbon 
in different types of soils. USDA also understands the needs of producers and can 
work effectively with them to develop projects that meet the needs of the cap and 
trade market as well as the needs of producers. Current legislation also gives 
USDA the responsibility for administering the allowances allocated to agriculture. 

8. Criteria for offsets should recognize the unique nature of agriculture. Current 
legislation requires, in order to qualify under a cap and trade system, that offsets 
be real, verifiable, additional, permanent and enforceable GHG reductions or 
increases in sequestration. We have no dispute with any of these requirements, 
but flexibility is needed in interpreting what is “additional” and “permanent” in 
relation to agricultural GHG reduction or sequestration projects. Many 
agricultural projects also provide a number of environmental and economic 
corollary benefits as described above. Making a determination that the sole 
purpose of the project is reduction or sequestration of carbon, as required for 
additionality, is often difficult. Projects that reduce or sequester carbon should 
satisfy the requirement even if there arc other co-benefits or other reasons for 
undertaking it. Similarly, what constitutes “permanence" for a sequestration 
project should be flexibly applied. 


139 



American Farmland Trust 


Bavino tiik Land that Scstaixs Us 


Written Testimony of American Farmland Trust 
On the topic of 

Creating Jobs with Climate Solutions: How Agriculture and Forestry Can Help Lower 
Costs in a Low-Carbon Economy 

Senate Committee on Agriculture, Nutrition, and Forestry 
Subcommittee on Rural Revitalization, Conservation, Forestry and Credit 
Sen. Debbie Stabenow, Chairman 
May 21, 2008 



140 



American Farmland Trust 

Sa v f no tiik Land that Slstainr Us 


Madam Chairman and Members of the Subcommittee: 

Global climate change i$ one of the most pressing issues facing our nation. As the single 
largest user of both of land and water resources, American agriculture has a significant 
impact on the quality of our environment. Agriculture also is one of the most cost 
effective ways to improve our environment. So U.S. farms and ranches must play a vital 
role in helping solve climate change for the U.S. to achieve the most cost-effective and 
environmentally sound solutions. For this reason, American Farmland Trust (AFT) 
appreciates the opportunity to provide written testimony on the topic of "Creating Jobs 
with Climate Solutions: How Agriculture and Forestry Can Help Lower Costs in a Low- 
Carbon Economy". While we generally support the approach taken by the Senate 
Environment and Public Works Committee embodied in S. 2191, we wish to offer 
several suggestions for how it and the "manager's amendment" to S 2191 to be offered 
by Chairman Boxer 1 (hereafter referred to as "the Boxer amendment") could be 
improved to increase participation by farmers and ranchers and achieve more 
reductions in green house gases. 

Support for Lieberman-Warner Approach to Climate Change Legislation 

We support the approach to addressing climate change and the following specific 
elements of S 2191, "America's Climate Security Act of 2007," sponsored by Senators 
Lieberman and Warner: 

• Acknowledgement that global climate change induced by increasing concentrations 
of greenhouse gases in the atmosphere is real and must be addressed. 

• The creation of binding, declining caps on major point-source emissions of 
greenhouse gases. 

• The voluntary approach taken with regard to regulation of the agriculture sector. 

• The opportunities offered to U.S. agriculture to help the nation to reduce its 
emissions of greenhouse gases. These opportunities, which could amount to billions 
of dollars per year in new revenues for farmers and ranchers, include: 

1. Potential to provide real, low-cost emission reductions and sequestration 
through the "Domestic Offset Program;" and 

2. Prospect of receiving compensation for changes in management practices 
that reduce or sequester greenhouse gases through the "Agriculture and 
Forestry Program" to be administered by USDA. 

Suggestions to Increase Participation by Agriculture 


Modifications to the USDA Agriculture ond Forestry Program 



! As posted on the Environment and Public Works Committee website May 21. 2008. 
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The inclusion of a USDA Agriculture and Forestry Program in addition to the Domestic 
Offset Program is critical to helping agriculture provide cost-effective, verifiable offsets 
to help address climate change. We urge you to consider the following options for 
modifying the USDA Agriculture and Forestry Program established under Sections 331 
and 332 of the Boxer amendment to S 2191. 

First, in addition to the uses established under these sections, early actors in agriculture 
whose reduction and sequestration activities have been undertaken voluntarily, should 
be recognized and rewarded. We need to recognize and reward early leaders in 
conservation practices. As with regulated greenhouse-gas emitting entities who qualify 
for early action credit, many farmers and ranchers have been and continue to manage 
their operations in climate-friendly ways. Providing some reward for early actions 
through the USDA Agriculture and Forestry Program could help to ensure that the 
creation of new programs to encourage additional emission reductions and 
sequestration of greenhouse gases in the agriculture sector does not provide a perverse 
incentive to reverse the gains that these early actors have already made. 

Second, the USDA Agriculture and Forestry Program could become the vehicle for 
encouraging emission reduction and sequestration projects that otherwise are 
prohibitively expensive to implement, measure, monitor, and verify. These projects, 
which may not be undertaken under the Domestic Offset Program because of high 
overhead or administrative costs, could still provide significant public benefits and we 
urge you to consider promoting them through the USDA Agriculture and Forestry 
Program. 

Third, the USDA Agriculture and Forestry Program has the potential to function as an 
incubator to develop robust data and methods for implementing and verifying novel or 
untested projects. Over time, some of these project could become replicable and 
verifiable enough to transition from the Agriculture and Forestry Program into the 
Domestic Offset Program. In addition, USDA staff, through the USDA Agriculture and 
Forestry Program, could offer advice and technical assistance to projects or producers 
attempting to qualify for Offset credits. 

Fourth, we believe that the Secretary of Agriculture should have the maximum amount 
of flexibility to use the emission allowance credits distributed to USDA for the purposes 
of the Agriculture and Forestry Program in the most effective manner possible. This 
includes the option to redistribute these allowance credits directly to farmers and 
ranchers qualifying for the Program, as well using revenues generated from sale of these 
allowance credits for implementing the Program. 

Finally, we regret that the Boxer amendment has reduced the level of support for the 
USDA Agriculture and Forestry Program from 5 percent of total emission allowances to 
the level of 4,25 percent through 2030 and 4.5 percent thereafter. This will reduce the 
overall reductions in greenhouse gases. As indicated, this program could play a number 
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of critical roles preserving the gains that have already been made and in encouraging 
cost-effective sequestration and emission reduction in the agriculture sector, as such we 
believe that the level of allowances should not have been reduced. 

Increase Role for USDA in Domestic Offset Program 

We urge you to strengthen the role of the U.S. Department of Agriculture in 
administering the Domestic Offset Program. USDA has a track record of working with 
farmers to adopt conservation practices as well as studying and modeling carbon 
sequestration on agricultural lands. In addition, USDA has developed resources on the 
ground in nearly every county in the nation; these resources provide a solid base that 
will allow USDA, in partnership with EPA, to effectively implement the Domestic Offset 
Program. Further, the 2008 Farm Bill requires USDA to develop an eco-system services 
methodology for trading systems, with specific reference to carbon. Finally, thanks to 
years of implementing agriculture and technical assistance programs, USDA has earned 
the trust of farmers and ranchers. This reserve of trust and understanding of how and 
why farmers modify their farm management practices will be an essential factor in 
encouraging the maximum possible participation in the Domestic Offset Program. 
Ideally, USDA should be given primary management responsibility over the Domestic 
Offset Program with EPA acting in a more secondary capacity. 

As a corollary to an increased role for USDA, it is vital that language which would 
precluding any project that receives support from either an allowance allocation or a 
conservation program from eligibility for offsets be changed. While we appreciate the 
need to avoid "double-counting", the breadth of language used is not necessary, and is 
in fact counter to current USDA policy. As currently designed it is unclear whether 
producers who even receive technical support from USDA would be eligible for offsets 
for example. While there may well be a reasonable balance, we hope that there will be 
language that clarifies and positively addresses this concern as you consider this and 
future cap-and-trade legislation. 

Cops on Domestic Offsets 

First, we appreciate the addition of a provision in the Boxer amendment that would 
allow the unused portion of the offset pool to "carry forward" to the next calendar year. 
This will provide some needed flexibility for offset providers, particularly in the early 
stages of the program. 

Second, the Domestic Offset Program has been touted as a key cost-control mechanism 
in the Ueberman-Warner approach to cap-and-trade. We believe that it is crucial that 
the cap on domestic offsets be carefully examined and raised or lowered to encourage 
the maximum amount of emission reduction and sequestration from agricultural and 
forestry operations. We urge you to consider carefully whether a cap of 15 percent of 
the total allowance pool is truly the best design for achieving maximum greenhouse gas 
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reductions. The cap may limit agriculture and forestry participation, particularly in later 
years as the cap declines just as more producers are likely to seek to enter the offset 
market. ERA data seems to Indicate that agriculture could provide a larger amount of 
offsets than would be found under a 15 percent cap. 

Finally, we are concerned that proven, cost effective agriculture offset and 
sequestration projects may not be undertaken because of competition from forestry 
projects. One way to achieve the maximum opportunity for agricultural projects and 
innovations while retaining flexibility in the system, is to adopt a split offset cap. The 
split cap would require that half of the offsets in a given year be derived from 
agricultural projects and half from forestry. If in any year either the forestry sector or 
the agricultural sector is unable to fulfill its portion of the offset pool, credits from the 
other sector could be used to "top off' the overall domestic offset pool. 

Include other USDA agencies in Oimate Adaptation Program 

Many studies have documented the risk to U.S. agriculture from the effects of climate 
change. Our food production system is more dependent on weather and natural 
processes than any other industry and thus more at risk than nearly every other industry 
from the effects of climate change. Increasing variation in rainfall patterns, changes in 
the frequency of severe weather events, expanding pest and invasive species territories, 
and changing temperature and seasonal patterns all require new approaches to 
agricultural management. 

S 2191 provides support for international climate change adaptation assistance for 
drought, famine, shifts in agricultural zones, and other food-related effects of climate 
change. It is likewise critical to fund research and adaptation assistance for similar 
activities within our own borders. 

USDA can play a crucial role in helping our food system to adapt to climatic changes that 
already are taking place or which cannot be avoided no matter how quickly we act to 
reduce greenhouse gas emissions. Conservation practices implemented through USDA’s 
NRCS conservation programs can help create more robust cropping and ranching 
systems that stand up to weather events like prolonged drought, intensified 
precipitation events, changing pest and invasive species patterns, and much more. 
Research undertaken by USDA Agricultural Research Service can help uncover the 
effects of climate change on agricultural operations and devise effective management 
techniques to adapt to effects of climate change. Technical Assistance services provided 
by USDA can help producers adopt best management practices in light of observed and 
expected effects of climate change. However, as currently constructed, these USDA 
programs are not recognized in a Climate Adaptation Program. We strongly support 
their inclusion as you consider this and future cap-and-trade legislation. 

Stackable Credits 
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Many of the practices undertaken to reduce greenhouse gas emissions will provide 
additional public benefits such as clean water, wildlife habitat, and reduced soil erosion. 
We urge you to ensure that projects participating in a greenhouse gas offset market are 
not excluded from also participating in other markets for environmental services that 
currently exist or may arise in the future. Allowing producers to “stack" or "bundle" 
credits will maximire the economic viability of carbon sequestration and manure 
management projects (among others), ensuring that more of these beneficial projects 
are undertaken and synergies with other environmental priorities, like improving water 
quality or wildlife habitat, are developed. For example, a practice like cultivating 
vegetative buffers along streams takes land out of production - an expensive 
undertaking for many farmers - but could generate multiple environmental credits by 
reducing nutrient run-off (improving both water quality, generating wildlife habitat and 
reducing GHG emissions) and storing carbon. We strongly support language that would 
allow for "stacking" of credits from multiple eco-service systems and hope that there 
will be language that expressly allows for their inclusion as you consider this and future 
cap-and-trade legislation. 

Other Critical Issues In Designing Effective Agriculture Components of Cap and Trade 

In addition to the issues above, there are several other critical issues that we hope to 
continue to work with you to resolve. These issues include: 

Additionality- Setting a practical and fair process for determining additionality and 
baselines is a critical issue which we believe has not yet been resolved to the 
satisfaction of all affected parties. 

Permanence- Addressing the potential for reversal of terrestrial offsets in a manner that 
is fair, economical, and scientifically sound is a significant challenge that we look 
forward to assisting the committee to resolve. 

Leakage- As with the issues above, secondary effects from offset projects that result in 
leakage must be addressed in a way that does not unnecessarily diminish the value of 
offset projects. We believe there are several avenues for addressing this issue and look 
forward to working with you to resolve this issue in the future. 

Farmland Protection- We have known for some time that the destruction of farm and 
ranch land to erect housing or other development can increase greenhouse gas 
emissions dramatically. Moreover, farms, ranches, and other open space that has been 
paved over can no longer provide a myriad of environmental benefits to society, not the 
least of which is the sequestration of greenhouse gases. We look forward to working 
with the committee on solutions that can help reduce the conversion of farmland to 
development and preserve our working lands so they can play a positive role in reducing 
our nation's overall greenhouse gas emissions. 
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Conclusion 

As the single largest user of both of land and water resources, American agriculture has 
a significant impact on the quality of our environment. It also is one of the most cost 
effective ways to improve climate change. This Committee's engagement and the 
agricultural communities active participation in climate change discussions will be vital 
in helping both to solve this most pressing issue as well as ensure agriculture takes 
advantage of it's opportunities. We thank you for your attention to this important 
matter and look forward to working with you in the future to help design a cost- 
effective, agriculture-friendly, and environmentally sound program to address global 
climate change. 
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The American Soybean Association (ASA) thanks the subcommittee for holding this hearing to 
examine the role that agriculture can play in addressing climate change and we appreciate the 
opportunity to offer this statement for the record. 

The issue of climate change and efforts to address it has rapidly emerged on the federal policy 
agenda. The full Senate may consider in a few weeks S. 2191, America's Climate Security Act of 
2007. sponsored by Senators Liebcmian and Warner. ASA has not taken a position on the bill, 
but is working with other agricultural groups to analyze the impacts that a mandatory emissions 
cap and trade framework would have on farmers and the agricultural industry. We strongly 
support a voluntary, non-rcgulatory approach, which is reflected in the current version of S. 

2191. ASA recently joined with other agricultural groups in sending a letter to the Chairwoman 
und Ranking Member of the Senate environment and Public Works Committee, which has 
primary jurisdiction over the climate change legislation. Our letter outlines some of the general 
views and principles for agriculture under potential climate change legislation. 

This Senate Agriculture Subcommittee hearing is the first to specifically examine the potential 
benefits of agriculture and forestry practices as offsets within a framework to limit greenhouse 
gas (GHG) emissions. We appreciate the committee's recognition that agriculture can play a 
significant role in addressing climate change through carbon sequestration and emissions 
reductions. We also want to highlight several issues that agriculture will be evaluating as 
greenhouse gas cap and trade legislation is considered. 

Our first priority will be determining the costs and any adverse impacts on soybean producers 
and related industries. We must ensure that agriculture remains economically viable and that 
U S- soybean producers can compete with foreign production. It is imperative that a voluntary, 
non-rcgulatory approach be maintained toward agriculture. In addition, increased fuel, natural 
gas, and fertilizer costs that will result from enactment of a cap and trade bill may be significant. 
While there is great potential for agriculture to benefit under the offset allowance program, it is 
critical these gains not be negated by rising energy and input costs. 

Our next focus is on the potential opportunities that a cap and trade framework for reducing 
GHG emissions can have for soybean producers. In the near term, carbon sequestration projects 
on agricultural lands arc a readily available means of reducing greenhouse gas emissions. The 
United Stales Environmental Protection Agency (EPA) estimates that agricultural and forestry 
lands can sequester 20 percent of all annual greenhouse gas emissions in the United States. It is 
estimated that carbon sequestration on agricultural lands currently offset approximately 1 percent 
of all U.S. greenhouse gas emissions. 

This presents an opportunity for agricultural producers to benefit economically, but the benefits 
to agriculture hinge upon the legislative details to be resolved surrounding a cap-and-tradc 
system, mitigation requirements, and the functioning of relative credit markets. Given these 
opportunities, ASA wants to ensure that any agricultural offset program is crafted in a manner 
that will maximize agriculture's participation and achieve the greatest greenhouse gas reductions. 
Principles to consider that would help maximize agricultural participation includc: 

No Cap on Use of Domestic Offset Allowances 

We believe it is unwise and market-distorting to cap domestic offset allowances that a covered 
entity can use to meet its yearly obligation. Our goal should be to remove as much greenhouse 
gas from the atmosphere as possible. A cap could prevent legitimate carbon sequestration and 
emission reduction projects from occurring. At a minimum, the cap on domestic offsets should 
set at a level to ensure all domestic offset projects on agricultural lands qualify. In addition, to 
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ensure that both agriculture and forestry have a role to play in providing domestic offsets, 
separate caps for agriculture and forestry projects should be established. 

Establishing Carbon Sequestration Rates 

It is scientifically proven that agricultural soils sequester carbon. Accurate technologies are 
available to measure soil carbon content, but they are costly and time consuming. Strides arc 
being made every day to refine measurement and verification of soil carbon sequestration to 
make it less cumbersome and costly. USDA continues to develop carbon modeling tools such as 
the Carbon Management Evaluation Tool • Voluntary Reporting (COMET-VR) that arc designed 
to determine changes in soil carbon sequestration. While further refinements must be made, we 
believe a properly constructed science-based model that includes statistically relevant random 
field assessments will help maximize agriculture's carbon sequestration potential. We believe 
Congress should expand the role of USDA in developing an effective modeling program to 
measure carbon sequestration on farms. 

Designating VSDA to Administer Agricultural Climate Change Programs 

We believe the United States Department of Agriculture (USDA) has both the institutional 
resources as well as the technical expertise necessary to effectively administer any offset 
allowance program. Through the Natural Resources Conservation Service and the Farm Service 
Agency, USDA has a track record of working with farmers as well as studying and modeling 
carbon sequestration on agricultural lands. 

Recognizing Early Actors 

Agriculture is always evolving. As technologies improve, farmers are converting to alternative 
tillage practices such as no-till or ridge-till. They arc reducing fertilizer rates. Producers that 
have taken these steps should not be disadvantaged by being excluded. We believe early 
adopters in agriculture should be eligible for participation in the cap and trade market. 

Stackable Credits 

Many of the practices undertaken to reduce greenhouse gas emissions will provide additional 
public benefits, such as clean water, wildlife habitat, and reduced soil erosion. We urge you to 
ensure that projects participating in a greenhouse gas ofTset market are not excluded from also 
participating in other markets for environmental services that currently exist or may arise in the 
future. Allowing producers to "stack" credits will maximize the economic viability of carbon 
sequestration and emission reduction projects ensuring that more are undertaken and synergies 
w ith other environmental priorities are developed. 

Conclusion 

Again, ASA thanks the subcommittee for holding this hearing to examine the role that 
agriculture can play in addressing climate change and we appreciate the opportunity to offer this 
statement for the record 
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Chairman Stabenow: 

The Bus ness Council for Sustainable Energy appreciates the opportunity to submit the following 
testimony for the Subcommittee heamg on Creating Jobs with Climate Solutions: How Agriculture and 
Forestry Can Help Lower Costs In a Low Carbon Economy 

The Business Council for Sustainable Energy is a broad-based coalition that represents companies and 
trade associations in the energy efficiency, renewable energy and natural gas industries. Members 
include power developers, equipment manufacturers, independent generators, retailers, green power 
marketers, and gas and electric unities, as well as several of the primary trade associations in the 
renewable energy, energy efficiency and natural gas industries 

The Council and its members have been working consistently with state, federal and international 
policymakers on market-based measures to reduce greenhouse gas emissions smce Its inception in tho 
oarty 1990s The coalition supports the establishment of market-based programs for clean 
energy technology Innovation and deployment, economic efficiency and enhanced energy security 

The Business Council supports the inclusion of a robust offset program in federal climate legislation, 
including S 2191. die Lieberman-Wamer Climate Security Act, currently pendng m the Senate. A robust 
offset program provides incentives for deployment of greenhouse gas emission reduction projects and 
activities outside capped sectors. Including prefects in the agriculture and forestry sectors of the 
economy. 

A robust offset program would expand the reach of the program and minimize overall compliance costs 
for the economy as a whole. In its recent analysis of S.2191 , the Environmental Protection Agency 
supponed this conclusion For example. EPA's analysis concluded that if no international or domestic 
offsets of any kind were allowed, allowance prices would increase by 92% compared to S.2191 as 
written Altowng the unlimited use of domestic offsets alone can reduce the prices of allowances by 26% 
compared to S 2191 as wntten, and allowing tho unlimited use of domestic offset allowances and 
international credits can reduce aSowancv prices by 71% compared to S.2191 as written 
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Considering the value of the cost containment benefits of offsets, the Council recommends deslgnmg a 
program that promoles broad use of offset allowances to achieve compliance under a federal climate 
change program. 


A Robust Onset Program can Help the U.S. More Quickly and Cost-Enectively Reduce 
Greenhouse Gas Emissions 

The abfity for entitles to generate and purchase offset allowances Is an essential feature of a market- 
based approach to reducing greenhouse gas (GHG) emissions. Under a compliance offset program, 
covered entities are permitted to help meet their obligation to reduce GHG emissions by purchasing offset 
allowances generated from projects or activities that fall outside the scope of an emissions cap. This 
flexibility provides covered entitles with the ability to achieve needed emission reductions at the lowest 
cost. While the Council encourages covered entities to undertakemtemal emission reduction activities 
such as deploying renewable energy and energy efficiency to the greatest extent possible, our members 
recognize offset purchases as an mportant complementary tool to help covered entities manage 
compliance costs, widen the scope of environmental benefits and lower economic costs for energy 
consumers, 


By creating the market opportunity to generate oftsot allowances and by providing covered entities with 
the ability to purchase offsets, the U.S. can more quickly and cost-effectively reduce GHG emissions 
across a broad spectrum of the economy. In addition, an offset program promotes the deployment of 
valuable existing dean technologies that reduce emissions, and facilitates additional and positive 
environmental, social, and economic benefits 

As with other aspects of market-based initiatives to address climate change, the details and structure of a 
federal compliance offset program wdl play a critical role in determining successful implementation, as 
well as achieving desired GHG emission reductions The Counol believes that ensuring the 
environmental integrity of offset aScrwances is essential in order to meet desred emission reduction 
levels Real and additional offsets must bo the standard for program integrity. Independent, third-party 
monitoring and verification requirements are also necessary to ensure that GHG emission reductions are 
delivered 

Council Recommendations for Design of an Offset Program 

Leveraging ihe expenenco of our members m renewable and low-carbon energy generation, clean energy 
technology, and project development, the Council has suggested a number of modifications to the 
following provisions that pertain to offset allowances uniar S.2191. We offer thorn here, before the 
Senate Subcommittee on Rural Revkahzatlon, Conservation. Forestry and Credit, as you contemplate the 
impact of the legislative provisions on Ihe agriculture and forestry community. 

Of nole. as a diverse business coalition, not all Council members endorse or take positions on the set of 
proposals listed below. 

1. Approved, verifiable offset allowance purchases made prior to enactment of S.2191 should be 
eligible for oarly action credit 

S.2191 should be amended to allow covered entities thal have purchased approved, verifiable offset 
allowances to be cfcgible for early action credit under Tide III. section 3202. which pertains to the 
allocation and distribution of allowances. 

Rewarding Ihe efforts of covered entities that purchase offset allowances prior to anplementatlon of a 
mandatory federal program sends dear market signals to facilitate development of protects that reduce 
GHG omissions It also provides an incentive for covered entities to reduce emissions as soon as 
posstote. even before implementation of a mandatory program 
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To recognize early action. Section 3202 contains provisions to allocate allowances to covered entities 
which have made voluntary reductions in GHG emissions under established voluntary programs outlined 
In the legislation The Council supports this early action allowance allocation, or early action credit; 
however, we believe this section noeds to be expanded. Specifically, the Council bel«ves that, in 
addition to allocating allowances to entities that have made voluntary reductions entity-wide. Soction 3202 
should be amended to state that covered entities which have purchased and retired onset allowances 
under a voluntary offset program deemed eligible by the Administrator should also be eligible for earty 
action credit 

To provide certainty about which offset allowances may qualify for earty action credit, the Council believes 
Section 3202 should be further amended to direct the Administrator to consider offset allowances 
purchased and credibly retired under existing voluntary offset programs outlined in Section 2408(b)(1) 

2- Approved offset projects should be eligible to generate offset allowances for a guaranteed 
crediting period 

Approved projects should be given the flexibility to generate offset allowances for either a defined 10-year 
period on the basis of a fixed, ex-ante baseline and nitial additionality assessment, or for a 7-year 
crediting period with the option to apply for renewal. In the case of forestry offset allowances, projocts 
should be credited for. at minimum, a 30-year period Approved projocts should accrue offset allowances 
on an annual basis. This accrual should occur at the end of each year that a project undergoes 
successful, independent verification of Its performance 

The Clean Development Mechanism (CDM) under the Kyoto Protocol maintains a workable approach In 
which offset projects are allowed to generate credos for a multi-year, yet limited period of time. Similar 
crediting approaches have been adopted under the Regional Greenhouse Gas Initiative and the 
California Climate Action Registry Based on these existing approaches in regulatory and voluntary oftsef 
programs, the Council believes that Section 2405. which pertains to offset vent cation and issuance of 
allowances, should be amended to clarify that approved offset projects be allowed to generate offset 
allowances on the basis of a multi-year crediting ponod The Council recommends that project sponsors 
be allowed to choose either a one-timo 10-year crediting period, or to choose a 7-year crediting period, 
after which they may re-apply to the Administrator for crediting. In the case of forestry offsets, projects 
should be credited for, at minimum, a 30-year period 

A 10-year creditng period is critical to some projects to enhance project revenue and enable project 
developers to secure valuable debt financing for projects, while a 7-year, renewable crediting period may 
be more workable for other types ot projects In the case of forestry, a longer crediting period reflects the 
nature of these projects as requiring an extended investment of time in order to generate long-lasting 
emission reduction benefits 

3. Review end approval of an offset jwoject's additionality and emissions baseline should only 
occur once per crediting period 

Section 2405 should be amended to clarify that, while an offset project should be monitored annuaRy over 
the course of a crediting period by an Independent, third-party verifier to ensure that the project meets 
required standards of performance, the assessment of additionality end determination of an emissions 
baseline should only occur once per crediting period The assessment of additionality and determ nation 
of an emissions baseline should occur at the time a project is assessed for approval 

To meet GHG emission reduction requirements, offset allowances must be generated by projects outside 
of the cap that adhere to rigorous standards that ensure that the emission reductions achieved are real. 
Independently verified, permanent enforceable, transparent and additional The terms "additional' and 
"additionality." as defined in section 4(1) of the Bill, relate to the extent to which reductions In GHG 
emissions, or increases in sequestration, are not legally required and we incremental to business-as- 
usuai practices. 
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The Council supports the need to periodically review and update approved offset project types, and the 
methodologies for determining the preyed baseline and method of catcutaUng emissions reductions This 
is important to ensure that offset allowances continue to be generated from activities that would not have 
happened under a business-as-usual scenario. There are a variety of factors that can be used to 
determine the additionality of offsets, such as performance standards and 'tests* set forth in the World 
Resources Institute's Greenhouse Gas Protocol for Project Accounting and the United Nations 
Framework Convention on Climate Change's Tool for the Demonstration and Assessment of Additionality 
(Version 03). As per ttio current language of S.2191 , the Council supports implementation of pre- 
approved standards (performance and/or project-based, as appropriate) for projects and activities that 
promote certainty lor offset project developers, as weli as administrative efficiency and transparency 
within the regulatory system 

To foster development ol offset projects, investors must have the confidence that approved projects will 
be eligible to generate offset aAowances for a multi-year period add that an additionality determination 
made at the time of approval remain valid for that period. There will be a significant deterrent to 
investment in, and the development of offset projects, if. In the course of annual emission reduction 
verifications, a project may also be subject to being invalidated as the result of a baseline re-assessment 
Project developers and covered entities will be deferred from investing in projects that annually run the 
risk of being disqualified for offset allowance generation, since these many of these projects roly partially 
upon the revenue from the safe of offset allowances over tme to be fnanciaJiy attractive 

The rationale behind the approach of assessog additionality once in the course of a fixed crediting period 
Is that over the course of an offset program, as projects are developed and new practices emerge over 
time, the additionality of certain project types or activities may change For example, governments may 
enact new laws requiring practices that were not previously requred. And as technology emerges and 
busmess-as-usual practices evolve, project types that ware once qualified to be additional may no longer 
be additional This is a sign of progress within an offset program, and it is balanced by the fact that offset 
projects are bound by a limited crediting period This approach ensures that approved offset projects can 
benefit from the confidence that offset allowance generation is possiblo over a guaranteed time period, 
and ensures that the environmental integrity of the program Is preserved, as woll. 

The Council believes that the current language in Sect on 2405. which pertains to offset verification and 
the Issuance at allowances, should be amended to dartfy that, while offset projects should be monitored 
annually by an Independent, third-party verifier to ensure delivery of real emission reductions, the 
assessment of additionality and determination of an emissions baseline will only occur once per crediting 
period. Such additionality and baseline determination should take place at the bmo on offsot project Is 
reviewed tor approval 

4. Covorcd facilities should be eligible to genorate offset allowances from tho implementation of 
projects or activities that reduce emissions from uncovered sources 

Section 2403 of S.21S1 should bo amended to specify that projects or activities implemented to reduce 
GHG emissions from uncovered sources within a covered entity be eligible for offsot allowance 
generation. 

Section 2403 outlines various project types eligible to generate offset allowances While tho Council 
supports this provision, additional clarification is required to ensure that eligible project types that reduce 
emissions from any uncovered sources within a covered facility - sources that are not included as part ol 
a covered faculty's emissions Inventory - are eligible to generate offset allowances Without the ability for 
covered entities to generate offset allowances from these uncovered sources, these emissions - such as 
fugitive emissions from natural gas pipelines - will go unmitigated. In addition, by allowing covered 
enlities to generate offset allowances from uncovered sources, the market will benefit from the learning 
experience associated with such project and technology implementation, and may help to make it more 
feasible to induda such sources of emissions m covered facilities' emissions inventories at a later date. 
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5. Vertfiod, high-quality international offset allowance* should be eligible for recognition within 
an offset program, regardless of the location Ihoy are generated 

S.2191 should be amended to aHow covered entities to use international offset allowances or credits, 
such as those recognized under tho COM of the Kyoto Protocol, toward their GHG emission reduction 
compliance requirement 

The Councd commends the authors of S 2191 for allowing covered entities to use 'international emission 
allowances* from a foreign greenhouse gas emissions trading market that has been certified by the 
Administrator. Council members believe that a federal market-based approach to addressing dimate 
change should be linked to other domestic and international market-based programs that incorporate an 
offset program, provided they are deemed to be of high-quality and environ menial integrity Addressing 
dimate change is a global chalenge and emission reduction activities that occur within and outside U S. 
boundaries generate equally valuable environmental benefits. 

As currently drafted. S.2191 under Section 2502 (OKI ) requires that international offset allowances be 
"issued by a foreign country pursuant to a governmental program that imposes mandatory absolute 
tonnage limits on greenhouse gas emissions*. As drafted, this provision would delude tho use of 
Certified Emission Reduction (CER) credits issued under the CDM. CERs are generated in developing 
countries that do not have mandatory tonnage caps on GHG emissions CER credits are universally 
recognized as high-quality offset credits that represent real, additional, verifiable and permanent emission 
reductions and which also help to promote sustainable economic and environmental development in 
countries throughout the world 

Having access to CER credits generated under CDM will play a significant role in reducing compliance 
costs for covered entities, which will help contain costs for the U S economy as a whole While allowing 
the use of CERs for compliance purposes should not be construed as a substitute for engaging 
developing countries in emission reduction commitments, such effort will continue to buM the market for 
emission reductions throughout the world, end will serve as a bridge to engaging developing countries in 
making future reduction commitments In addition, many projects developed under the COM employ 
technologies and oquipment manufactured in the U.S The CDM market serves as a valuable 
international business market for U.S. companies, while at the same lane facilitating transfer and 
deployment of clean technologies around the world. 

6. The flexibility for covered entities to use offset allowances to meet compliance obligations 
should be maximized 

Offset alk wances play a valuable role in containing costs of a GHG err ssion reduction program. To 
ensure maximum Iteaibility in the design of the program and faoMate cost-containment. Section 2402 and 
Section 2501 should be revised to allow covered entities to utilize offsets domestically and/or 
internationally, to the extent and proportion they deem most suitable 

A robust offset program provides incentives for deployment of GHG emission reduction projects and 
activities outsido capped soctors. expanding the reach of the program and minimizing overall compliance 
costs for the economy as a whole Recent analyses, including from the Environmental Protection Agency 
(EPA). support this conclusion For example, EPA's analysis concluded that if no international or 
domestic offsets of any kind were allowed, allowance prices would increase by 92% compared to S.2191 
as written Allowing the unlimited use of domestic offsets alone can reduce the prices of allowances by 
26% compared to S.2191 as written, and allowing the unlimited use of domestic offset affowances and 
xitema bonal credits can reduce allowance prices by 71% compared to S 2191 as written 

Considering the value of the cost containment benefits of offsets, the Council recommends designing a 
program that promotes broad use of offset allowances to achieve compliance under a federal climate 
change program. S.2191 currently allows covered entities to meet up to 15% of their compliance 
obligation with domestic offset allowances (Seclon 2402), and up to another 15% with international 
emission allowances (Section 2501 ) While our members have differing wows on the overall percentage 
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of offset allowances that covered entities should be allowod to use, Council members believe that 
covered entities should have the flexibility to decide how to design their offset portfolio, whatever 
percentage Coogross ultimately allows In other words, capped entities should have the flexibility to 
choose whether, and in what proportion, offset allowances are purchased from domestic andior 
international sources, provided such offset allowances meet high-quality standards established by the 
Administrator. The Council also believes International offsets should include both ntemational emission 
allowances and prp|ect -based credits such CERs Compliance costs will be contained to the greatest 
extent possible it covered entities are provided with maximum flexibility to choose how to design their 
portfolio of offset allowances 


Independent of federal action on S.2191, Congress should promoto market certainty by 
Immediately authorizing the development of the rules, oversight. and accounting mechanisms of a 
foderal compliance GH6 offset program. 

S 2191 effectively sots forth a framework whereby tho Administrator and USD A will promulgate rules and 
procedures establishing a compliance carbon offset program upon enactment of the legislation. While the 
Council recognizes that development of such a program will lake Umo. the U.S economy would benefit 
greatly If this work couM proceed as soon as possible - even independently of the passage of climate 
change legislation, 

Since offset projects can take years to design and develop, covered entities and consigners will benefit if 
the federal government can begin establishing the rules, oversight and accounting mechanisms of an 
offset program. The federal government can learn and build upon significant work accomplished to date 
internationally under the COM. under the fedeial EPA Clmale Leaders Program, from regional programs 
such as the Regional Greenhouse Gas Initiative end the Western CImate Initiative; and from state 
programs such as the California Climate Action Registry. 

Regulatory uncertainty is one of the largest obstacles to new investments In low-carbon and clean energy 
technology projects. Companies want to develop new offset projects, but are deterred by uncertainty with 
respect to the types of projects and methodologies that will be recognized under a future federal 
compliance program Companies that expect to be regulated under a future chmate change program 
want to begn to support offset project development by purchasing offset allowances, but want the 
assurance that the* purchases made today will be recognized in some manner under a future federal 
program. 

Developing the rules, accounting and oversight mechanisms of an offsot pro^am that could be 
incorporated into a federal climate change regime a not contingent upon passktg cap- and -trade 
legislation such as S 2191 The U.S. cotAd get a significant head-start on reducing GHG emissions from 
sectors outside of a future cap by initiating a process to formally begin designing the structure and rules 
of an offset program Tho Council would be pleased to leverage Ihe vast experience of its members on 
offset issues and work with members of Congress to further develop this concept 


For more mlormation about the Council, please visit www bcse.org 
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Introduction 

Carbon ( C > cycling in agroccosystcms has a significant impact at the global scale 
because agriculture occupies approximately 1 1% of the earth's land surface. It is 
estimated that up to 8% of U.S. emissions could be offset by increasing the amount of C 
sequestered in agricultural cropland soils. The value of perennial agriculture systems, 
such as orchards, arc often overlooked with regard to their value in maintaining carbon 
pools. Many orchard management practices, such as maintenance of a year round 
orchard floor cover crop, use of poultry litter as a fertilizer source, etc, can enhance soil 
carbon storage potential. 

Plants remove carbon (as CO?) from the atmosphere through the process of 
photosynthesis and store it in plant tissue. Until this carbon is cycled back into the 
atmosphere, it resides in one of a number of "carbon pools." These pools include (a) 
above ground biomass (c.g.. vegetation) in forests, soils, farmland, and other terrestrial 
environments, (b) below ground biomass (c.g,, roots, micro-organisms), and (c) biomass- 
based products (c.g., wood products) both while in use and when stored in a landfill. 
Carbon can remain in some of these pools for long periods of time, sometimes for 
centuries. An increase in the stock of sequestered carbon stored in these pools represents 
a net removal of caibon from the atmosphere. 

After the first few decades of cultivation, soils reach a "new" steady state with respect to 
C. Thus, elTorts should be focused not only on maintaining soil C stores, but primarily 
on building up soil C stores. By their very* nature, orchard systems offer an important 
opportunity to increase these stores. A direct relationship exists between the 
concentration of soil C and the annual addition of C to the soil. 

Well managed commercial pecan orchards maintained in a healthy stale can result in an 
increase in organic C in the form of large amounts of biomass. Considerable amounts of 
C arc introduced into orchard soils on an annual basis as a result of annual leaf fall, 
shucks, branches, and the return of mowed sod and in many cases, clover to the orchard 
soil. 

Carbon Held Within the Pecan Tree 

Based on results generated from a study in New Mexico, the following amount of C can 
be found partitioned throughout a mature ( 1 5 year old) pecan tree: 

All figures are expressed as kg Otrec/ycar 

Trunk Branches Leaves Husks Pecans Roots Total 

17 111 64 10 28 24 254 

As much as 49% of the fixed C remains in the tree following pecan harvest/consumption 
and decomposition of leaves, shucks, sticks, etc.: 
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From these figures we can estimate that pecan trees are capable of fixing approximately 

125 kg C per tree per year 

(254 kg C X .49 % - 125 kg C/tree/year) 

The estimated number of pecan trees in Georgia are estimated at -15 trees/acre X 
137.901 acres=2,068,5 1 5 trees. Based on this estimate, 125 Kg C/tree/year X 2,068.515 
trees = 258,564,375 kg C/ year (or 1875 kg C/acrc year) removed from the atmosphere 
by the pecan tree itself. 

Pecan Orchard Management and Effects on Orchard Soil Carbon 

Pecan orchard floor management as currently practiced is conducive to development of 
high levels of soil organic matter. As a result orchard soils retain relatively large 
amounts of carbon, serving as a significant carbon pool. Tilling or harrowing the soil 
leads to loss of soil caibon. Most orchards are not tilled or harrowed except to rejuvenate 
neglected orchards and to repair washed or eroded areas. Pecan orchards arc maintained 
with a 12 foot herbicide strip running the length of the pecan tree row. These herbicide 
strips are not tilled, but the vegetation around the trees is killed to present competition 
from weeds. The herbicide strips normally comprise about 30% of the total orchard 
acreage. The remaining 70% of the orchard floor is maintained with a grass cover, most 
commonly Bermuda grass in the southeast The grass floor covering prevents soil 
erosion and creates an ideal surface on which to manage the orchard. In addition, as the 
grass is mowed, it returns organic matter to the soil. The leaves and shucks from the 
trees also fall to the orchard floor annually where they remain, further building organic 
matter and recycling nutrients. We currently advocate the planting of clover between the 
tree rows as a winter cover crop, which further increases organic matter (and soil C 
stocks) and provides soil nitrogen for the trees. Poultry litter, an organic fertilizer, can be 
used in orchards to provide nutrients to the trees Poultry litter is also high in organic 
matter. As a result, orchard soils potentially hold significant amounts of soil carbon. 

Preliminary results indicate that pecan orchard soils store carbon in amounts comparable 
to that of natural hardw ood forests that have been left undisturbed for decades. Soil 
carbon can be estimated using two methods; (I ) Total soil caibon; (2) organic matter. As 
a general rule, total soil caibon can be estimated as about '/< the soil organic matter 
(SOM). 

The following results were obtained from preliminary samples taken from a farm in 
Crisp County , Georgia in December 2007: 


Total Soil Carbon 

SOM 

Mature Pecan Orchard 4" depth 

2.36% 

3.96% 

Mature Pecan Orchard 8” depth 

0.94% 

1.74% 

3- Year old pecan orchard with clover 4 ” depth 

1.35% 

2.32% 

3 -Year old pecan orchard with clover 8” depth 

1.32% 

2.90% 
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3-Year old pecan orchard without clover 4 " depth 
3- Year old pecan orchard without clover 8” depth 

0.71% 

0.84% 

1.34% 

1.66% 

Conventionally tilled row crop field 4” depth 
Conventionally tilled row crop field 8“ depth 

0.41% 

0.29% 

0.78% 

0.60% 

Mature Hardwood Forest 4" depth 

Mature hardwood Forest 8" depth 

1.96% 

1.62% 

3.28% 

2.68% 


Additional results from the University of Georgia Soil and Plant .Analysis Laboratory 
based on 26 submitted samples suggest an average of 4.64% for pecan orchard soil 
organic matter. From this figure, orchard soil C can be estimated to be approximately 
2.32%. These preliminary results would indicate that pecan orchard soils store 
considerably more carbon than do conventionally tilled row crop fields and that the 
planting of clover in the orchard can greatly increase soil C stores. 

Practices such as chemical mowing, the use of pre-emergence herbicides for 
maintenance of herbicide strips, and effective orchard scouting for insect pests can help 
reduce the number of trips across the orchard with tractors, mowers, and sprayers. By 
reducing the fossil-fueled power activity in the orchard, the carbon footprint of pecan 
production could be further reduced. 

A study was instigated at the UGA Tifton Campus in Winter 2007/2008 to evaluate the 
effects of crimson clover and poultry litter on pecan orchard soil carbon and soil organic 
matter. A Life Cycle Analysis is to be conducted as part of this study to examine the 
carbon footprint of pecan production under each of these fcrtilizcr/orchard floor 
management regimes as compared to use of synthetic fertilizer. This analysis will also 
take into account the inputs required in pecan production. We can also incorporate the 
effect of reductions in the number of trips made across the orchard via the above 
mentioned practices on the carbon footprint of pecan production. A formal survey of soil 
organic matter and soil carbon in Georgia pecan orchards is also planned for 2008. First 
year data from these studies will be available later in the year. 
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Thank you for the opportunity to provide this written testimony as part of your subcommittee 
hearing: Creating Jobs with Climate Solutions : How agriculture and forestry can help lower 
costs in a low-carbon economy The dairy industry can play an important role in the coming 
climate market by providing reliable, permanent and immediate greenhouse gas (GHG) 
reductions through methane capture from manure and other best management practices. These 
reductions will serv e as an important cost containment mechanism for the economy as a whole 
while creating an important market for conservation within the livestock and agriculture 
industries. 

Consider this example from one of our Michigan producers. Vclmar Green runs Green Meadow 
Farms in Elsie, Michigan. He has 3,000 cows and in addition to selling energy he is looking into 
selling his carbon credits as well. The water that is left over is reused for irrigation or cleaning 
the bam. The left over fiber is used either for composting or fertilizer for the 7,000 acres he 
farms. Vclmar started his digester this winter with the help of a S2 million grant from the Public 
Service Commission, SI million from a partner who specialized in the generator technology and 
with SI million of his own money. 

The point being that while anaerobic digesters can provide multiple environmental and energy 
production benefits, this is not a cheap technology, Mr. Green stated that a substantial part of the 
power generation cost lies in connecting power lines to the power company. Currently, Vclmar 
is getting about 10 cents per kilowatt hour for his energy thanks in part to his partner with the 
generator that negotiated with the electric company. Keep in mind, this price docs not recognize 
or reward the fact that this pow er is a low carbon source of emissions. 

Without a market to reward the value of these projects they will remain small, niche projects - 
only available in states that subsidize the technology or require power companies to accept the 
power, Contrast this scenario with a vibrant GHG market that simultaneously is sending a 
market signal to the power company to seek out and utilize lower carbon forms of power 
generation, while also sending a market signal to dairy and other livestock producers that there is 
a premium value on the power they can produce and a long-term market reward for such 
power. Only then will there be the right incentives for the private market to move toward 
building the needed infrastructure to support biogas use on a massive scale. Until the market 
signal is sent, pow er companies will remain reluctant, if not in outright opposition to promising 
power sources like these because the environmental value of the biogas is not recognized by the 
market or their competitors. 

We commend your subcommittee for investigating the role that the livestock and agriculture 
sectors can play in reducing the cost of complying w ith required GHG reductions by the larger 
economy. It is in all our interest to make sure that we arc able to keep costs down so as to avoid 
damaging our economy as we transition into a climate market. Our industry can provide great 
assistance as environmental service providers and we ask dial you keep in mind some of these 
opportunities as you set policy on this issue. 
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Recognize the Unique Value of Methane Captured from Manure 

Greenhouse gas reduction experts have dermitively established that the animal agriculture sector 
can generate some of the "cleanest" and most verifiable greenhouse gas emission reduction 
credits. In terms of measurement, permanence and additionality through the capture of methane 
emitted from stored manure, these emission reductions provide a concrete and sound path to 
climate change mitigation efforts. While the volume of methane emissions are far less than the 
most prevalent greenhouse gas, CO;, which accounts for 75% of the global total, the potency of 
methane in terms of global warming potential is far higher. Specifically, methane is 21 times 
more potent than CO; - so for every I ton of methane avoided, it is as i f 2 1 tons of CO; were 
avoided as an emission to the atmosphere. 

To provide some context for the potential of the livestock industry's ability to mitigate 
reductions, consider the following quote from the June 14, 2007 Walt Street Journal: ‘The 
methane produced by the manure of a typical 1,330- pound cow translates into about five tons of 
CO; per year. That is about the same amount generated annually by a typical U.S. car, one 
getting 20 miles per gallon and traveling 12,000 miles per year. Without a market that rewards 
livestock producers for capturing and reducing methane emissions, it would remain too costly to 
implement on an industry-wide basis. However, a climate market that allows these creates value 
for making these reductions could offer the opportunity to bring lower-cost permanent reductions 
of this potent greenhouse gas - a process which will also have other environmental dividends for 
air and water quality. 

Additionally, the use of anaerobic digesters to capture methane from manure, can not only avoid 
a methane emission that would otherwise occur as the standard industry practice, but it also 
creates a new low-carbon energy source - biogas. which can be substituted for natural gas in 
generating electricity or creating pow er to fuel a bio-fuel plant, for example. 

Greenhouse gas emission reductions through methane capture requires only that the methane be 
flared in order to permanently convert methane to the much less potent CO;. The use of methane 
as a biogas can bring even greater credits and cost mitigation opportunities to the climate market. 

For all these reasons, methane and capture from manure should be considered a highly valuable 
early olTsct reduction opportunity and every effort should be made to facilitate the growth of the 
capture market for these gases as a new energy commodity for livestock operations. 

Furthermore, it is worth noting that the scientific community recognises that nitrous oxide 
emissions also take place from anaerobically digested manure, and that as a result the potential 
also exists for the capture and destruction of this potent greenhouse gas. While further research 
is going to be needed to quantify the specific amounts of nitrous oxide generated and captured by 
anaerobic digestion, it is a potent greenhouse gas 300 times more potent than CO; and therefore 
such research efforts and subsequent valuation in the credit markets should be supported by any 
climate change legislation that Congress adopts. 
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Recognize the Unique Value of Substi t uting Manure for Commercial Fertilizer 

The simple substitution of animal manure for commercial fertilizer as a nutrient source for crop 
production saves energy and results in a net reduction in greenhouse gas emissions in the form of 
reduced energy consumption and C02 emissions from fertilizer manufacture and transport, and 
in the form of reduced nitrous oxide emissions from manure relative to those from commercial 
fertilizer. The proper use of animal manure for crop production is one of the original and most 
critical forms of recycling, serving a fundamental role in our food production systems ever since 
wc have included livestock and livestock products in our diets. This represents a practical and 
straightforward method to offset greenhouse gas emissions and should be recognized 
accordingly. This legislation should maximize the opportunities to capture the fullest 
greenhouse gas reduction benefits possible from this practice. 

Recognize the Significant Potential for Soil Carbon Sequestration jn PuMurtJoml 

Another important way in which the livestock industry is unique from agncullure as a whole is in 
the vast amount of pasture land (hat is owned and leased by livestock operators. The USDA 
notes that applying proper grazing management practices can actually increase the amount of soil 
carbon stored in soils over lands left idle - since more growth of grasses on the land equates to 
more carbon stored in the soil. 

Furthermore, if pasturclands are seeded w ith deep-rooted perennial grasses for use as cattle 
forage - such as sw itchgrass. compass plant and big blue stem, the amount of soil carbon stored 
in the ground can range from 3.5 to 5 tons of additional carbon per acre according to USDA's 
Agriculture Research Service. Keeping in mmd that the average rale of soil sequestration for the 
conservation practice of no-till planting is .5 metric tons of carbon per acre per year you can see 
bow valuable pasturcland carbon sequestration can be. These carbon gains are made because 
grasses like those mentioned can have root systems of up to 8 feet deep into the soil. Again, this 
livestock type of soil catbon sequestration may generate less concern about permanence since the 
grasses planted can be grazed and will continue to grow back annually with no need for tilling 
practices that would otherwise release some of the stored carbon. Also. USDA notes that carbon 
stored in this manner may be fixed more permanently since it is stored deeper in the soil and 
therefore, less likely to be returned to the atmosphere. 

Ensure that Livestock Operations Will Not Be Regulated Under the Cap 

We appreciate the stated intent by many lawmakers in the House and Senate that climate 
legislation should offer livestock agriculture promising opportunities to contribute to the solution 
of climate mitigation markets as voluntary offset providers. It is critical that these market 
opportunities remain just that - opportunities or incentives to help obtain from us the significant 
contributions wc can make to greenhouse gas offsets. 

It is our understanding that livestock operations and farms are not covered by the Licbcrman- 
Wamcr bill's definition of a covered facility. Specifically, we refer to the section relating to an 
entity producing for sale or distribution of more than 10,000 carbon dioxide equivalents of 



167 


chemicals in a year. We hope our understanding is correct that neither this provision nor any 
other portion of the covered facility definition applies to us. 

We appreciate your foresight in understanding that the important contributions our industry can 
make will only come into being if our livestock producers are able to use the reward of a new 
market opportunity to provide the proper incentives for this work to occur. 

Recognize the Standard of Proportional Additionality 

As Duke University's Nicholas School for Environmental Solutions points out in their 
comprehensive field guide to measuring and monitoring GflG reductions from agriculture and 
forestry, additionality should be viewed in proportion to the industry standards of a given time, 
not the individual practices of early actors who arc often punished for doing the right thing. As 
such, the use of anaerobic digesters and the capture of methane from manure arc clearly not the 
industry standard - and therefore, in considering how credits arc to be determined, these 
practices should be considered to be additional - on the industry level. Also, it is important to 
note that while additionality questions regarding soil carbon refer to how much carbon has 
already been put in the soil and the amount of credit which should be conferred for a new 
offset credit, methane emissions are different. In the case of methane captured from manure, the 
emissions that are captured and transformed from methane to CQ> arc from an ongoing source of 
emissions. Therefore, if an anaerobic digester exists, it makes sense that no credits would be 
awarded for the previous methane emissions avoided, but it is also completely justifiable to 
recognize the emissions reductions that will be made after the GHG cap is put in place. 
Otherwise, you create a disincentive for the use of existing anaerobic digesters and the result 
could be an increase in methane emissions. 

Again, we thank you for the opportunity to submit this testimony as part of your hearing today. 
W'c look forward to working w ith you to expand the opportunities for agriculture offsets within 
mandatory climate legislation and make sure that the best outcome is reached for the climate, for 
the economy and for our industry. 
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Foreword 


W e hove reached a critical point Climate change it ac 
cepted by the scientific community as a real and pres- 
ent threat to our livelihood, one at least partly attrib- 
utable to an increase in atmospheric greenhouse gases 
caused by human activity. To reverse this threat will 
require many arrows in the quiver Foremost, a large- 
scale reduction of greenhouse gas emissions will be re- 
quired across Us many sources in our diverse economy. 
But these emission reduction efforts can also be bol- 
stered by increasing the amount of carbon dkulde re- 
moved from the atmosphere and sequestered in terres- 
trial ecosystems. Therein lies the opportunity for ihe 
owners and managers of farmlands and forests to par- 
twipale in the solution. Fanners can remove carbon di- 
oxide from Ihe atmosphere and sequester il as soil car- 
bon by changing tillage practices; they can alio modify 
agricultural practices to reduce greenhouse gases such 
as methane emitted in livestock and rice production, 
and nitrous oxide In soil management Afforestation, 
or the planting of trees on currently nonforested lands, 
can transfer large volumes of carbon dioxide from the 
atmosphere lo carbon storage in biomass, soils, and 
harvested products Taken together, these activittescan 
have a substantially favorable Impact on Ihe greenhouse 
gas balance. And if farmers and forest landowners can 
be compensated for their actions to reduce emissions 
or sequester greenhouse gases, they can benefit eco- 
nomically from these efforts. 

Bringing farmers and foresters to the table shows 
great promise for mitigatlog climate change but re- 
quires a system that accurately measures and accounts 
for their greenhouse gas reductions Because agricul- 


ture and land use activities arc numerous and widely 
dispersed across a varying landscape, a well-designed 
system is necessary to bring order to the underlying 
comptexily. This book builds ihe framework of just such 
a system by combining ihe inughlsof lop scientists and 
economists in agriculture, land use. and forestry with 
Ihe practical background of developers experienced in 
greenhouse gas mitigation projects, to systematize an 
approach that u scientifically grounded, has environ 
mental integrity, and is practical lo apply. 

Bringing science into practice lies at ihe very core 
of ihe mission of (he Nicholas Institute for Environ- 
mental Policy Solutions at Duke University. We be- 
lieve that good science is ihe foundation of good envi- 
ronmental policy and practice. We also recognirc that 
connecting science ui practice often requires the type 
of hard work evident in the pages of this volume. For 
that we extend great thanks to all Ihe technical expert* 
who contributed lo this effort and in particular lo Zocii 
Willey and Bill Chamcidet for coordinating. lynthMis- 
ing. and communicating their work, clearly and logi- 
cally, We believe that the collective effoet commutes a 
gold standard for Including agriculture and forest ac- 
tivities in greenhouse gas offset programs. 

This work would not have been possible without 
the financial support, enthusiasm, and vision of Peter 
Nicholas. 

Timothy Profeta. Director 

Brian Murray. Director for Fxonomk Analysts 

Nicole St. Clair. Associate Director 

Nlchisfiu Institute tar Environmental Polky Solutions 

February 2007 

via 



Preface 


In 2003, a kind of economic nightmare seemed to be 
emerging in the United States. Although the nation 
had not created a mandator)' cap and trade system for 
greenhouse gas (GHG) emissions, voluntary trading of 
such emissions and offset* (efforts to remove carbon di- 
oxide from the atmosphere or prevent GHG emissions in 
the first place) had already begun. Businesses and in- 
dividuals seeking to limit or neutralize their carbon 
footprint, their impact on global warming, began to 
purchate offsets from other businesses and individuals 
who had found ways to reduce their own rmiuionc Lo- 
cal markets and exchanges, brokerages, registries, and 
trading clubs sprouted up to meet the demand. How- 
ever, the standards used to define the commodities 
to be traded varied wildly. In contrast, trade of GHG 
emissions and offsets among European Union nations 
was proceeding in a relatively orderly fashion. That is 
because participation in the Kyoto Protocols cap and- 
trade program had required the BU to create a regu- 
latory framework with consistent and credible defini- 
tions of GHG offsets. 

In the United States, a federal program regulating 
GHG emissions does not exist The result is a piece- 
meal market for carbon offsets, in which the credibility 
of the commodities for sale can vary substantially. In 
the long run. this is an untenable situation for buyers 
and sellers alike. For buyers, caxeat emptor ("let the 
buyer beware*? is the watchword For sellers, the lack 
of a system for verifying and validating offsets tends to 
depress the price they command. 


Targeted changes in land uses and management 
practices in both agriculture and forestry can provide a 
major source of GHG offsets. These benefits result from 
using forests and soils to remove and store carbon al- 
ready in the atmosphere and from reducing emission'* 
of GHGs in the first place. The agriculture and forestry 
sectors have significant potential to help stabilize GHG 
emissions in the United States, particularly over the 
next several decades. Hoc that to happen, however, such 
terrestrial GHG offsets must rest on transparent defi- 
nitions and standards based on first-rate science. Such 
standards would give buyers and sellers alike a basis for 
establishing the value of the offsets and also provide » 
model for regulations that will surely ensue at the state 
and (eventually) federal level 

In early 200-4, Environmental Defense contacted 
two groups of independent scientists to help provide 
these guidelines. The goal was to provide a gold stan- 
dard for ensuring quality and integrity— a step-by- 
step guide to quantify ing and verifying GHG offsets 
based on changes in land use and management in ag- 
riculture and forestry. Five highly regarded scientists 
agreed to serve on an advisory and review committee 
for the propel. Dr. William H. Schlesinger. dean of the 
Nicholas School of the Environment and Earth Sci 
ences at Duke University, chaired the committee. Dr_ 
Schlesinger and his colleagues provided the wisdom 
and advice needed to steer this daunting, multidisci- 
plinary project through its many technical mazes. 

A second group of scientists then applied its unique 
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and varied experience to key aspects of creating terres 
trial GHG offsets. These scientists contributed papers 
that answered the central question: how much will any 
specific farm or forestry project reduce levels of GHGs? 
Dr Gordon R Smith spearheaded the distillation of 
those papers into this guide, supported by the advisory 
and review committee and other consulting scientists. 
Dr. Dennis O'Shea, and later Sandra Hackman and Dr. 
Bill Chamcides, then undertook two difficult tiers of 
editing. 

All these individuals working in tandem over the 
past several years have produced the document that 
follows. We all are grateful to Peter Nicholas for his 


gracious funding— and infinite patience—in support 
of this work. 

The extensive knowledge and guidance embod- 
ied here will provide invaluable direction to farmers, 
foresters, and other land managers, as wdl as consul- 
tants. brokers, investors, and others interested in creat- 
ing consistent, credible GHG offsets as a new* tradable 
commodity in the United Slates. This guide will help 
make tangible a new economic opportunity for rural 
America. In addition, it will provide important guid- 
ance to the policy community pursuing controls oil 
GHG emissions— in the United States and other parts 
of the world. 
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Chapter 1 

The Role of Landowners 
and Farmers in the New 
Low-Carbon Economy 


A new economy is coming— a k>w-carbon economy In 
which green house gas emission allowances and offsets 
will be a commodity that is bought and void on the open 
market. Landowners and farmers, the people who work 
the land, will have a competitive advantage in this new 
economy because land, if property managed, can be made 
to store carbon. Industries that emit carbon dioxide will 
pay landowners and farmers who store carbon to offset 
industrial emissions. 

Why a Low- Carbon Economy? 

The low carbon economy will place a premium on tech- 
nologies that can produce energy with little or no carbon 
dioxide (C0 2 ) emissions, as well as on activities that help 
remove carbon dioxide from the atmosphere. Why? The 
answer is simple: global warming While uncertainties 
about climate remain, the bat* facts of global warming 
are now well established 

-The globe is warming The warming is due in 
Urge part to emissions into the atmosphere of 
COj and other heat-trapping or greenhouse gates 
<GHCs) that result from human activities. 1 

-Unless we slow the rate of these emissions, the 
consequences could be dangerous, expensive, and 
irreversible. 

In a communique issued in June 2005, 1! national acade- 
mies of science (including the U.S. National Academy 
of Sciences) held that "the scientific understanding of 


climate change is now sufficiently dear to justify na- 
tions taking prompt action ... We urge all nations . . . 
to take prompt action to reduce the causes of climate 
change T 

The only way to curb human induced climate change 
is to reduce emissions of CO* and other GHGs And 
the only way to accomplish that is to move to a low- 
carbon economy that values technologies that II mil 
GHG emissions and devalues technologies that pro 
duce GHG emissions. 

Momentum toward a low-carbon economy is build- 
ing Thirty-five of the world’s developed countries have 
agreed to reduce their GHG emissions 5 to 8 percent 
below 1990 levels through the Kyoto Protocol. 2 While 
the U.S. government has not joined the Kyoto process, 
many states and local governments have made Kyoto- 
like commitment*. California ha* committed to a cap 
on its state wide greenhouse gas emissions that will lead 
to substantial cuts in emissions in the coming decades. 
Four other southwestern states < Arizona. New Mexico, 
Oregon, and Washington) have joined California in 
the Western Regional Climate Initiative with the goal 
of setting a regional greenhouse gas emissions reduc- 
tion goal. Nine northeastern states (Connecticut. Del- 
aware. Maine. Massachusetts. New Hampshire. Neva 
lersey. New York. Rhode Island, and Vermont) have 
joined the Regional Greenhouse Gas Initiative <RC iGIJ 
and agreed to cap COj emissions from power plants. 
Many ocher states have announced climate initiatives 
and are considering statewide caps on GHG emissions. 
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Overview 

In the private sector, major U.S, btuincsjes (including 
Alcoa. BP America. DuPont. Caterpillar, and General 
Electric) have formed the United States Climate Action 
Partnership calling for mandatory caps on the nation's 
greenhouse gas emissions. 1 

Although the United States has yet to adopt a man- 
datory program to reduce GHG emissions, many peo- 
ple believe it is only a matter of time before it does. In- 
dicative of this is a resolution passed in 2005: “It is the 
sense of the Senate that Congress should enact a com- 
prehensive and effective national program of manda- 
tory. market- based limits and incentives on emissions 
of greenhouse gases (S.AMDTff66)." 

The Transition to a Low-Carbon Economy 

History has shown that markets, rather than mandatory 
controls, can be the most cost -effective way to cut pollut- 
ant emissions. In a regulatory system, a market approach 
often takes the form of a "cap-andlrade" mechanism. 4 
Such a mechanism caps total emissions from regulated 
entities which may include a specific sector, such as 
power product ion in the case of RGGI. or the entire econ- 
omy. as In the case of Kyoto— at a specified level usually 
significantly below the current level. Regulators then as- 
sign individual emitters allowances, or caps, such that 
the total allowances equal the overall cap. Emitters have 
some pmod of time to comply with their cap. 

Emitters can comply in three ways. First, they can use 
efficiency measures, technological advances, or lower ac- 
tivity Icvds to reduce their emissions Second, they can 
purchase allowances from other emitters who have re- 
duced their emissions below their caps. Third, they can 
purchase carbon offsets from indrvkluals or entities, 
which remove (X> : from the atmosphere or prevent GHG 
emissions.* This market approach allows emitters to find 
the cheapest way to meet their individual caps, as emit- 
ters that would incur relatively high coots can acquire al- 
lowances and offsets from those that can generate them 
at lower costs. 

In this approach. CO, and other GHG emissions 
become a commodity that ts bought and sold, and the 
marketplace (rather than regulators) determines the 
price of carbon allowances and offsets. These allow- 
ances and offsets can be relatively cheap or costly, de 


pending on supply and demand. Businesses and indi- 
viduals also have an incentive to develop cost effective 
methods of reducing GHG emissions and creating car- 
bon offsets. By allow ing the marketplace to control the 
price, the system guarantees that emitters will choose 
the most inexpensive and effective methods for reduc- 
ing or offsetting emissions. 

In unregulated systems, corporations and individu- 
als can voluntarily cap their GHG emissions, as some 
companies have done. Cities and other municipalities 
have also adopted voluntary caps on the emissions aris- 
ing from government activities. Voluntary caps usually 
do not include trading, but emitters may still purchase 
offsets when Internal efforts to boost efficiency ami 
adopt new technology do not produce the desired re- 
sults Here again the marketplace sets the price of the 
carbon offsets. As more companies and individuals; 
take on a cap. demand for offsets rises, as does the price 
they command. 

Despite the absence of a mandatory nationwide 
cap on GHG emissions, a U.S. market for carbon off- 
sets U already burgeoning. Numerous companies have 
formed to buy and sell offsets, while other companies 
have emerged to verify and register those offsets. Many 
of these companies can be identified through a simple 
Internet search. However, potential buyers should ex- 
ercise caution because the system is not yet regulated, 
and many developers of offsets do not yet follow rigor 
out procedures for creating them, such as those out- 
lined in this volume.* 

Farmers' Entree into the Low-Carbon Economy: 
Carbon Offsets 

Land management practices can play a significant role 
in slowing the buildup of GH<>s. Forests and farmlands 
act as natural carbon storehouses, or link*, offering 
motor opportunities to reduce global warming. As for- 
ests grow, they absorb CO, from the atmosphere, stor- 
ing (or sequestering) vast amounts of carbon in wood, 
leaves, roots, and soils. Agricultural practices such as 
no till or fow-liil farming, grassland restoration, and! 
the uk of cover crops also sequester carbon in soils. By 
protecting and restoring forests, replanting grasslands, 
and improving cropland-management practices, land- 
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owner) can help reduce atmospheric concentrations of 
GHG*. 

Betides removing carbon already released into the 
atmosphere, better land -use practices can also reduce 
emissions of potent GHG such as methane and nitrous 
oxide. For example, using fertilizer more precisely can 
reduce emissions of nitrous oxide from soil. Reduc- 
ing the saturation of soil with water (partial la rtv dur- 
ing rice cropping) can curb methane emissions, as can 
the capture and burning of methane emitted from 
manure. 

While environmentalists have pointed to the poten- 
tial lor these activities to slow global warming, farmers 
and landowners today have Ut tie economic incentive to 
adopt them. However, this will change as the transi- 
tion to a low carbon economy puts a market value on 
land-management practices that store carbon and re- 
duce GHG emissions. 

In fact, even where caps on emissions remain 
mostly voluntary, offset projects targeting carbon di- 
oxide. methane, and nitrous oxide are already under 
way. In the Northwest, the energy company Entergy 
has funded Pacific Northwest Direct Seed Associa- 
tion. a nonprofit composed of more than M)0 farmers, 
to create marketable offset s by using low till fanning 
to sequester carbon in soil and lower CO, emissions. 
In the Midwest, a grain-milling cooperative is creating 
offsets based on the land- management practices of sev- 
eral hundred farmers in Kansas, Missouri, Nebraska, 
and Iowa, such as the use of no-till farming to store 
more carbon in soil. In the Northeast, a group of dairy 
farmers is seeking buyers for offsets based on cuts in 
methane emissions resulting from the use of anaerobic 
digesters to treat manure. In the South, a consortium 
of farming operations is creating offsets by shifting to 
low-till cropping to reduce CO : emissions, changing 
crop rotations to store more carbon, and improving 
livestock and manure management to reduce methane 
emissions. 

Th« Potential of Offsets Based 
on Land Management 

Land- management practices have the potential to make 
a significant dent in GHG emissions. The US. Emri- 


Tb« Role of Landowners and Farmers 

ronmental Protection Agency (EPA) estimates that the 
United States emits some 6,000 million metric ton* 
of COj each year, as well as the equivalent of anothce 

1.000 million metric tons of C0 2 in the form of othce 
greenhouse gases, including methane, nitrous oxide, 
and chlorofluorocarbons. Overall, annual GHG emis- 
sions total the equivalent of some 7.000 million metric 
tons of C0 2 (see Figure 1.1). 

If the United Stales takes no steps to reduce GHG 
emissions, how Urge would they be in. say. 2025? The 
recent past can provide a c hie. In 1990. US. greenhouse 
gas emissions were equivalent to about 6,100 million 
metric ton* of CO ; per year, in 2004. they were reach- 
ing nearly 7.100 million metric tons. GHG emissions 
arc therefore rising at an annual rate of about 1 percent. 
Without a limit on such emissions, we can assume they 
will continue to rise an additional 1.600 million metric 
tons per star by 2025, to the equivalent of about 8.700 
million metric tons of C0 2 annually 

Climate models suggest that by the later part of the 
twenty lirst century, humanity must reduce global GHG 
emissions by about SO percent from their present rate* 
to avoid dangerous climate change (O’Neill and Oppen- 
heimer 2002: Den fclzen and Meinshausen 2005)' This 
prospect is challenging to say the least. In the United States, 
this would require cutting annual emissions by some 3.500 
million metric tons ofCOj. The good news b that we do nof 
base to attain this 50 percent reduction immediately. We 
can slowly ramp dowrn our emissions to reach the 50 per- 
cent reduction by the end of the century, when new tech- 
nologies and energy sources will hopefully Have replaced 
the carbon intensive forms we rety on today. 

Over the next 20 years or to, developed nations might 
reasonably aim to lower their emissions by about L5 per- 
cent (Den Firm and Meinshausen 2006). For the United 
States, this would require cutting the equivalent of about 

1.000 million metric tons of C0 2 per year. Adding the esti- 
mated annual increase in GHG emissions during this pe- 
riod of ljfiflO million metric torn, the United Stales would 
have lo find emissions cuts equivalent to about 2 j 600 mil 
bon metric lottsofCO, per year. Although not as imposing 
as the 50 percent target, this goal will still agnifkantly trot 
our ccooomx: and technological ingenuity. 

Could Land management practices help the United 
Slates meet the 2'0-year target cut of 2,600 million metric 
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Overview 


Figure 1.1 U.S. COj and other greenhouse gas 
cmfcitooM. 1990-2004 (in million* of metric 
tool of C0 2 equivalent) Emission* rou at 
an average annual rate of about 1% over the 
period. If that rate persists, U.S. cniuiom 
will grow from the present 7.000 million tons 
a year to about 8.700 million tons in 2025. 

Note From U S. EPA 200b. 

Figure 12 Carbon offset* that U.S. land 
management practices could create, as a 
function of ye*f and pr*c <tn millions of 
metric tons of CO. equivalent) With the 
rising price of otfsets the total amount 
of offsets available should increase, as 
more farmers and landowners percerve an 
opportunity to profit and participate in the 
market 

Note. From U.S EPA 2005. 
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ions of CX) 2 per year? Consider a recent EPA study (2005). 
whkh estimated the potential foe carbon offsets from 
land management practices (see Figure 1.2)." Not sur- 
prisingly. as the prtce of otfsets rises, more farmers and 
landowners opt to participate in the market, and thus 
the total amount of offsets also increases. The amount 
of offsets also depends on lime. Although the amount of 
offsets grows as more farmers and landowners partici- 
pate and soils and forests increase their capacity to store 
carbon, the amount of offsets could peak in 2025 because 
soils and forests eventually become saturated with car- 
bon and lose their ability to store more. The amount of 
offsets could even dccl ine if cutting of forests used to cre- 
ate offsets outstrips reforestation. 


The results from the 2005 FPA study suggest thae 
land management practices can play a major role in 
enabling the United States to meet the emissions tar- 
get over the coming decades if the price of carbon off- 
sets is high enough. If offsets command a price of $15 
per ton of C0 2 . land management protects could off- 
set almost 1.500 million metric tons of CO, per year 
by 2025— around 60 percent of the needed reduction. 
At $50 per ton. offsets could total almost 2.000 million 
metric tons of CO, per year nearly the total required 
cut in emissions. 

Will the prkc of offsets be high enough to generate 
the needed amount? 7hat depends on demand. In the 
United States, where emissions caps are voluntary and 
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the market tor offsets Is currently relatively weak, off 
sets are now selling for a few dollars to about $10 per 
ton of CGj. However. In the European Union, which 
has adopted a mandatory cap under the Kyoto Proto- 
col. C0 2 prices rose into the range of $30 to $40 per ton 
of COj in 2006. This suggests that if the United Slates 
adopt* a mandatory cap, the price for offsets will be 
high enough for land management practices to play a 
major role in meeting the cap. Because carbon offsets 
will be critical in the transition to low-carbon tech- 
nologies, farmers and landowners who enter the offset 
market early stand to profit the most. 

The Need for Offset Quantification Guidelines 

While projects based on changes m land manage- 
ment practices have the potential to offset significant 
amounts of GHG emissions and to provide a new in- 
come stream for farmers and landowners, they pre- 
sent significant challenges to the individuals and enti- 
ties that undertake them At the front end of an offset 
project, developers need to reliably estimate its poten- 
tial value and thus the amount of GHG mitigation it is 
likely to produce. As any farmer can attest, protecting 
crop yields at the beginning of a planting season is diffi- 
cult. In an offset project based on changes in land man- 
agement. developers must attempt to project outcomes 
over many years, in some cases more than a decade. 
Moreover, to market the GHG mitigation they achieve, 
project developers must reliably document it. This, in 
turn, requires developing and implementing a compre- 
hensive plan for monitoring and analysing ihc results 
of the project, as well as contracting for independent 
verification of the plan and its implementation. 

Monitoring itself prcienrs challenges Instead of 
simply documenting the yield of wheat or corn, land 
managers must quantify the amount of carbon they 
store in soil or forest wood or the amount of meth- 
ane they capture from processed manure. To ensure 
that the project does in fact lead to real GHG benefits, 
land managers must also often track conditions and 
carbon-sequestration rates on nonproject lands. They 
must make a long term commitment to monitoring 
and tracking. Not only docs the amount of carbon a 
proyeci adds to soil or forest vary from year to year, but 
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the carbon stored in years past can be lost because of 
fire or annual changes in climatic conditions. Finally, 
marketing carbon offsets requires careful analysis of 
monitoring and tracking data to ensure that the offset*, 
claimed are accurate with a known and acceptable level 
of uncertainly. 

An additional complication arises fmm the fact that: 
the validity of any carbon offset protect Is ultimately- 
based on our scientific and technical understanding: 
of how carbon and other elements are cycled through, 
agricultural and forest systems and how lhe*e sy* 
terns interact with the climate system. Because science 
is continuously evolving, the system used to manage, 
quantify, and verify the value of a carbon offset project 
must be sufficiently flexible to accommodate scientific 
advances. See for example Keppler et aL (2006), Gib- 
bard et al. (200$). and (Hander (2006). 

Furthermore, for buyers, regulators, and the public 
to accept offset* stemming from changes in land man- 
agement. they must have confidence that the mtliga 
tion is real. Credible and transparent rules and meth 
ods are therefore critical to ensure that offsets arc fully 
tradable This volume attempts to address this need by- 
providing specific guidelines for developing and imple 
men ting land-management projects that produce car- 
bon offsets. 

This Manual 

This manual aims to provide a comprehensive, user- 
friendly description of the principles and methodu 
needed to quant ify cuts in GHG emission* and removal 
of COj from the atmosphere stemming from land- 
management practices. These principles and methods. 
build on years of scientific study of the most accurate 
ways to measure changes in methane and nitrous oxide 
emissions from soil and manure and changes in carbon 
stocks in tree* ami soil. The approaches presented here 
aim to strike a balance between reliability and afforda- 
bility. That is, participants in the system, regulators, 
and the public mutt believe that the offsets landowners 
create ore real, but the costs of measuring and verifying, 
the offsets mu*t not rue so high that project* become 
economically impractical. 
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Overview 


Types of Projects 

This volume focuses on four basic categories of land- 
management projects designed to create marketable 
carbon offsets: 

I. Projects designed to sequester carbon in soils, 
such as through the adoption of no-till farming, 

1 Projects designed to sequester carbon in biomass 
through cultivation of new forests and grasslands 
or delay* in harvesting forests 

3. Project* designed to reduce methane emission* 
through change* in the practice* used to process 
and dispose of manure. 

A. Projects designed to reduce emission* of meth- 
ane and nitrous oxide through change* in farm- 
ing practices. 

Fanner* and landowners also have other options for 
developing carbon offsets, such as by producing bio- 
energy crops and constructing wind turbines for gen- 
erating power. However, because these types of projects 
do not Involve specific land management practice*, this 
volume dors not address them 

The Audience 

This book is designed for use by all who might partici- 
pate in developing, marketing, and purchasing offsets 
based on changes in land management. These Include. 

-lAiuiowners, on whose land a project is executed. 

- Farmers, who pursue project activities. 

Prvjett <fr vr taper*, who plan and implement the 
project, even though they may or may not be the 
farmers or owners of the land. 

-Quantifiers. who perform the monitoring and 
analysis required to assess the quantity of legiti- 
mate offsets the project achieves and who may or 
may not be the project developer v 

-Verifiers, independent agents who audit the quin 
location of the project’s offsets, vouching for 
their accuracy and adherence to specific guide- 
lines established by regulators of a carbon market. 

- Regulators . who develop and enforce regula 
tions governing carbon offsets in a cap and trade 
system. 


-Retailers or broken, who may purchase offsets 
from multiple projects, aggregate them, and resell 
them directly to buyers or through a carbon offset 
market. 

- Buyers. who purchase offsets directly from project 
developers or retailers or through a carbon offset 
market. 

-Offset owners, who have legal ownership of offsets 
and who may be the landowner, project developer, 
retailer, or ultimately the buyer 

Landownm. project developers, quantifiers, regula- 
tors, and retailers arc obviously interested in the prin- 
ciples and methods needed to produce accurate and 
credible offsets. However, buyer* of offsets would also 
be well advised to understand the basic principles used 
to produce offsets because creating them can be chal- 
lenging. and potential buyers, especially in unregu- 
lated markets, need to assure themselves that the off- 
sets they purchase are real. For example, some carbon 
offsets for sale in the United States have not been inde- 
pendently verified, and others lack evidence that they 
represent GHG benefits that would not have occurred 
without the project. Those project* that adopt the pnn - 
ciples and methods outlined here should not be subject 
to these types of shortcomings. 

Applications of the Manual 

This volume could be valuable in ai least three scenar- 
ios involving the development of carbon offset*: 

L Voluntary development on the part of landown- 
ers without a carbon offset market; This scenario 
doe* not involve a mandatory, government- 
imposed cap and-lrade program. Instead, land 
owners who want to voluntarily offset their cmls 
sions embark on a project. 

2. Voluntary development by individuals and com- 
panies within a carbon market: Although regu- 
lators have not imposed a mandatory cap -and - 
trade program, individuals and companies who 
want to voluntarily offset their emissions con- 
tract with landowners and developers or retailers- 
to purchase offsets. This situation now applies to 
most of the United States. 
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3. Mandator) development tor mapor emitters 
within a government-imposed cap-and- trade 
program and carbon market: This situation now 
applies to power companies participating tn the 
Northeast's (U.S ) Regional Greenhouse Gas 
Initiative and to countries participating in the 
Kyoto Protocol. 

This manual is primarily targrted to the second and 
third scenarios. Of course, any regulatory systems thai 
limit GHG emissions and allow trading will require 
the use of specific procedures to create offsets. Such 
systems may also accept only certain types of offsets 
greater than a specified size, and they likely would re- 
quire authorized entities to quantify them * In these 
cases, the regulatory system’s guidelines will supersede 
those presented here. However, even in such cases, this 
manual should prove useful in helping individuals in- 
terpret and understand regulatory requirements. This 
volume also can serve as a guide to legislators and regu 
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lators who aim to design, implement, and strengthen a 
cap- and- trade system that includes land-management: 
options for offsetting GHG emissions. 

The Organization of the Manual 

This manual provides a comprehensive overview of 
the principles that underpin carbon offsets based on 
changes in land management, as well as the methods 
used to quantify them. It is divided into three sections^ 
The first provides an overview for legislators, landown- 
ers, and those who are unfamiliar with ofTsct markets 
but interested in learning about them The second pro- 
vides a more detailed but nontechnical exposition oc 
the off cel process for project developers, investors, ami 
purchasers of offsets. Ihe third, contained in the ap- 
pendices at the end of the volume, provides the tech- 
nical information that is critical to the individuals re 
sponsible for quantifying, verifying, and far regulating 
offset projects. 
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Chapter 2 

The Process of Creating Offsets 


To qualify as a marketable carbon offset. the green 
House impact of a change in land management must 
have three critical attribute*: 

I It must represent a net reduction in GHG emis- 
sions or a net gain in the amount of carbon 
stored in soil, trees, or other biomass, compared 
with what would have occurred on the land with- 
out the project. 

2. The offsets must have a legal and specified owner. 
Dependingon the contractual arrangement and 
whether the offset has been marketed, the owner 
may be the landowner, (he protect developer, a 
retailer, or a buyer. 

X Regulators of any relevant cap- and trade system 
and the buyer, as well as the public, must have 
strong confidence that the offsets have been accu 
lately measured and quantified. 

By convention, offsets are expressed in tons of CO, 
equivalent (CO,e). reflecting the global warming po- 
tential of different greenhouse gases.' 

Greenhouse gases are invisible to the naked eye. 
aiui buyers of offsets do not physically take delivery of 
tons of gas the way buyers take possession of bushels of 
corn, Ihus. before committing to a project, landowners 
and buyers alike will want reasonable assurance that 
K will provide the offsets they seek, with understood 
and acceptable levels of uncertainty and risks. To ob- 
tain such assurance and to guarantee that the offsets 


a project produces are real, participants must navigate 
a complex scries of steps (see Figure 2.1). This chapter 
provides an overview of those steps; more details arc 
presented in subsequent chapters. 

Defining a Project 

Landowners and project developers should begin by 
defining the land management practices they will use 
to create offsets. For example, a project might entail se- 
questering carbon in soil or trees or using anaerobic 
digesters to capture methane emissions from manure. 
Project developers must also establish the project's spa- 
tial and temporal boundaries so they can quantify and 
verify any carbon offsets the project creates Project 
developers can use Land surveys to specify a projects 
boundaries However, this can often prove costly, and 
developers may opt for less expensive options, such as 
relying on planning maps or a GPS receiver to record 
project boundaries. Developers also can rdy on legal 
records of land parcels or a suitably labeled and marked 
aerial photograph Some landowners may be tempted 
to use roads or rivers to delineate project boundaries. 
However, seemingly permanent landmarks shift with 
surprising frequency, as roads are relocated and Hoods 
move river channels, so this approach is impracticaL 
Projcct boundaries may be highly irregular or discon- 
tinuous. such as when a project entails planting trees 
on a sinuous floodplain. In that case, project develop- 
ers may use the anticipated extent of activities to plan 
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Figure 2.1 The process of producing offsets. Before committing to a project, landowners and 
Buyers alike will want reasonable assurance that it will provide the offsets they seek. To obtain 
such assurance, participants must navigate a complex series of steps. 
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Overview 

the project, but uie monitoring data gathered during 
the project to determine the areas where project acltvi 
ties actually occur. For projects located at a specific fa 
cility. such as a farm with animat barns and associated 
manure handling areas, an address may be adequate to 
specify the project's spatial boundaries. 

If landowners have diverse operations, project 
boundaries should encompass all the lands and facili- 
ties related to the project Otherwise an owner could 
create offsets simply by shifting activities that produce 
GHG emissions to lands or facilities outside the proj- 
ect. For example, consider a meat company that grows 
crops, uses them for feed, slaughters animals, and man- 
ufactures food products If the company aims to reduce 
its methane emissions (and thus create carbon offsets) 
by capturing methane from decaying manure, it would 
clearly need to include the facilities used to process the 
manure within the protect boundary, and it could rea- 
sonably exclude Use slaughterhouse and manufacture 
i ng operations. However, the boundary should include 
fcedlots as well as lands where the manure is spread as 
fertiliser after processing That is because the decay- 
ing manure in these locations may produce unwanted 
methane emissions, which quantifiers of the offsets 
must take into account. 

Offset projects are bounded in time as well as space. 
Time boundaries are usually relatively easy to specify. 
Projects typically start on the dale a contract takes ef 
feet, a land-management activity begins, or a facility 
or process (such as capture of methane from animal 
waste) starts operating. Projects may run indefinitely, 
or a contract among landowners, any outside investors, 
and buyers may specify an ending time or process 

Scoping a Project's Costs and Benefits 

After establishing the boundaries of a project, devel- 
opers should scope it; that is, they should estimate the 
greenhouse benefits they expect it to produce, to see if 
it will create offsets, and estimate its coats, to see if it 
will yield a net financial return. This process enables 
developers to decide whether to implement a project. 
A project s costs include those of implementing it: cre- 
ating contracts among participants; and measuring, 
verifying, registering, and marketing the resulting off- 


sets. in assessing the net financial return. Landowners, 
developers, and buyers need to consider at what point 
during the project's lifetime the costs and GHG ben 
efits will occur. 

Estimating a project’s potential for producing off 
sets entails a number of steps that are conceptually the 
same as or similar to those used to actually quantify 
the offsets. However, at this stage, developers use less, 
rigorous and therefore less tmse -consuming and costly 
methods. such as estimates and projections, instead of 
actually monitoring project outcomes. Project devel- 
opers pursue each of these steps in the scoping phase, 
whereas quantifiers perform them during the actual 
project. The following sections outline the principles 
that underpin each step; later chapters provide more 
detail on specific methods for quantifying the GHG 
impact of offset projects. 

Establishing Additionality and Baselines 

In order for the offsets claimed by a project to be valid, 
the changes in GHG emissions or carbon stocks on 
project lands must be different than those that would, 
have occurred in the absence of the project, and the 
difference must be quantifiable. Project developers can 
address those issues by determining addttionality and 
baselines. 

Deciding Whether a Project Is Additional 

Valid and marketable carbon offsets must be addi- 
tional. That is, any reductions in GHG emissions and 
increases in stores of carbon produced by the project 
would not have occurred without the project. ? Deter- 
mining whether a project Is additional entails finding 
sites with similar starling conditions and anticipating 
changes in land management likely to occur on those 
lands during the lifetime of the project. This will de- 
termine whether the project will indeed produce GHG 
savings over and above "business as usual." 

Although determining whether a project Is addi- 
tional is challenging, that effort is critical. If a project’s 
GHG benefits are not additional, then the offsets the 
project claims are not real, and a cap and-trade system 
should not credit them For example, consider an elec- 
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trie power plant whose owner* would like to exceed its 
cap of 1 million tons of CO a per year, emitting 1-1 mil- 
lion tons To comply with the cap. the company buys 
100.000 tons of GHG offsets from a farmer who has se- 
questered extra carbon in the soil by switching from 
plowing to no-till cultivation. If the farmer planned to 
take that step for reasons other than sequestering car- 
bon, the utility would still in effect be emitting 1.1 mil 
lion tons. 

Setting a Protect's Baseline 

The GHO emissions from a project's lands and facilities 
that would have occurred in the absence of the prefect 
constitute its bastlmt The baseline often changes over 
time due to changing management or environmental 
conditions, including climate change. The project s net 
GMG benefit is the difference between the baseline and 
the actual GHG emissions from lands and facilities 
during the project 

If a facility such as a methane digester captures GHG 
emissions, measurements of emissions in the absence 
of the digester -that is. before the prefect began— can 
serve as the baseline. Other types of projects must es 
labhsh the baseline as they unfold, to account for 
changing conditions and land-management practices 
on lands with simitar conditions in the region 

Some systems, including the Kyoto Protocol treat 
additionality and baselines as separate steps. The sys- 
tem establishes whether a project is additional, and if 
it is. the system specifics an independent method for 
determining the batdinc This process usually sets an 
all-or nothing test for additionality. The Kyoto Proto- 
col provide* an example of this type of test. That re- 
gime views a land-management practice as additional if 
certain tests are met (c.g., If less than some specified 
percentage of farmers in the region have already ad- 
opted the practice). If these tests are met. a prefects 
net GHG benefits are deemed 100 percent additional 
and therefore allowed as offsets. If not. the project is 
deemed categorically nonaddit tonal, and the system 
will not accept any of the project's net GHG benefits 
as offsets 

However, this all-or nothing approach tends to dis- 
courage the increased use of practices that actually re 
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duce GHG emissions, and thus it can be counterpro 
ductrve. For example, assume that a farmer seeks to 
sequester carbon (and thus produce offsets) by switch- 
ing from plowing u> no -till farming of corn and soy- 
beans. Farmers in the region use no-lill method* on 60 
percent of the land planted in a corn -and soybean re 
tatioo. Systems using a strict all-or-nothing form of ad 
dif ionahty, such as the Kyoto system, would disqualify 
new prelects based on no* till farming, even though 
those protects would sequester more carbon. 

We propose a different methodology, often referred! 
to as proportional additionality, which considers ad- 
ditionality and the baseline simultaneously. The pro) 
ect developer must first identify comparison lands thaL 
are similar to the project lands. The project’s baseline 
is then assumed to be the emissions or changes in car- 
bon stocks on the companion lands during the proj- 
ect. Because land management practices Largely de 
termine the emissions or changes in carbon stock on 
comparison lands, this method implicitly accounts for 
additionality, but in a proportional way rather than an 
all-or nothing manner. For example, suppose the land- 
management practices on comparison lands are the 
same as those on project lands; the protect is not ad 
ditional at all. In this case, all other things being equal, 
the baseline would be the same as the emissions or 
changes in carbon stocks on project lands, and thus the 
project would not produce any offsets. If. on the other 
hand, half of the comparison lands used the same man 
agement practices as the protect lands and half did not. 
developers would reduce the amount of net GHG ben- 
efit* they produce by half, in keeping with the fact that 
the project is 50 percent additional. 

Quantifiers must express the baseline in the sanw- 
units they use to quantify changes in GHG emissions; 
and carbon stocks on project lands, typically, In tons ot 
CChe If quantifiers calculate the baseline on a per acre 
(or per unit) basis, they must multiply the result by the 
number of acres (or units) encompassed by the project- 
If the project reduces GHG emissions, then quantifiers 
subtract baseline emissions to obtain the project's net 
GHG benefit If the project sequesters carbon, quantifi- 
ers subtract basdinc carbon slocks to find the project's, 
net benefit. 

Project developers typically divide a project into ac- 



counting; period* during which they quantify and mar- 
ket offsets. For example, a project that lasts 10 years 
might quantify its net GHG benefits foe 10 one-year 
accounting periods. Quantifier* must determine the 
basdine for each accounting period. 

Creating a Monitoring and Quantification Plan 

To ensure that a projects offsets arc serifiable and thus 
acceptable to regulators and buyer*, developers must 
use documented and transparent methods to create 
and quantify them They must therefore sente a moni 
tor ing and quantification plan before beginning a proj- 
ect . If changing condition* require revisions in the 
project's land use or quantification practices, adden- 
dums to the plan should document these revisions. Be 
fore developers can market offsets generated from the 
project, these offsets must be independently verified. 
Verifiers will refer to the documented plan to ensure 
that developer* have implemented the planned activi- 
ties and that quantifiers have calculated net GHG ben- 
efits reliably. 

Each project's monitoring plan should be concise 
but complete enough that other* can comprehend it 
and accept offsets based on it. (A public version of the 
plan may contain less detailed information about man 
agement of project lands and their production) The 
monitoring and verification plan should include the 
following: 

-Project boundaries if they are known when the 
plan is written. 

-A list of the project s potential sources and sinks 
of GHG emissions. 

- Detailed protocols for measuring project condi 
lions, including the frequency of measurements 
and procedures for recording, managing, and 
storing data. Ihe plan should include a design for 
sampling the project's GHG impacts, including 
the locations of monitoring activities and mecha- 
nisms for identifying those location*, such as 
markings on aerial photos. GPS coordinates, or 
physical markers 

Procedures, factor*, and equations for analyzing 
data (based on measurements from the project) 
and quantifying offsets. 


- Content* and timing of reports that quantifier* 
will generate These reports should include sum- 
maries of original data, not just the results of data 
analysis, so someone unfamiliar with the proj- 
ect can interpret the information and analyst* 
later can apply new technique* a* they become 
available. 

-Quality-control standards and meibod*. mdud 
mg redundancy in recording data in case record* 
are lost 

-A baseline or a process for setting the baseline 

- Leakage rates or a process for assessing leakage 
(see below). 

Designing Measurement Plans 

The most important part of the monitoring and quan- 
tification plan specifies the methods used to monitor 
changes in GHG emissions or carbon stock* that re 
suit from l he project* land -management practice*. 
Developing *uch a plan entails many assumptions 
and professional Judgments To establish that emis- 
sion cut* or greenhouse sinks are rcaL quantifiers must 
use techniques that are reliable, appropriate, complete, 
unbiased, and transparent. Critical in this regard is a> 
careful sampling design for gathering representative- 
and accurate data that can detect actual changes in 
emissions or sinks. (See Appendix 1 for key aspect* of 
such a sampling design.) 

Different types of land -management projects re- 
quire different technique* for measuring net changes; 
in emissions and sink* during the project. Individual 
projects address various components of ecosystem*, 
and quantifiers must measure each component using 
techniques appropriate to it Designing complete and 
accurate measurement systems require* a thorough 
understanding ot the biological and physical attributes 
of what is being quantified. If not based on knowledge 
of such dynamic*, a measurement system may not ad- 
dress all the GHG flows that a project is likely to af- 
fect. (See Chapter* 6. 7, 8. and 9 for specific technique* 
and methods appropriate for each type of project and 
flow ) 

The accuracy of claims for a projects offsets will 
generally reflect the rigor of the method* used to mea- 
sure and quantify them This, in turn, means that pro)- 
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Kl developer* face a quandary. A more rigorous mca 
vurement plan will produce more accurately quantified 
offsets, but M will also drive up the cost of producing 
them. On the other hand, a less-rigorous measurement 
plan will lower project costs, but it will also drive down 
the price the offsets can command in the marketplace. 
Successful project developers will strike a balance be- 
tween ngor and cost-effectiveness. producing real CHG 
benefits while also realizing an acceptable profit. 

For example, in theory, it is preferable to measure all 
GHG Dows and carbon stocks of the project as directly 
as possible However, this can become prohibitively ex- 
pensive. Less -direct methods, such as modds and em- 
pirical relationships, tend to yield lew accurate results. 
One reasonable approach is to carefully measure major 
CHG flow* and carbon stocks, while relying on models 
and empirical relationships to estimate lesser flows and 
stocks that will have a minor impact on the amount of 
offsets a project creates 

Deciding Which Emissions and Sinks to Quantify 

Along with establishing a projects baseline, quantifiers 
must assess all potentially significant changes in GHG 
flows within the project's boundaries. These flows in- 
clude inadvertent emissions arising from activities re- 
filled to the project, such as from the burning of fos- 
sil fuels to operate farm equipment. (See Appendix 2 
for more on inadvertent emissions and how to quantity 
them) 

However, quantifiers do not normally have to ac- 
count for “upstream’ and “downstream" emissions re- 
lated to the project because protect developers do not 
control those emissions. Upstream emissions result 
from the production of inputs to a project For exam- 
ple. tree-planting projects may require seedlings grown 
in a nursery, which may use vehicles that burn fuel 
that emits greenhouse gases. The nursery can choose 
higher- or lower-emission methods of growing seed- 
lings However, the tree-growing project does not con- 
trol those choices, and thus quantifiers should not have 
to include them in ibe project s GHG inventory. On the 
other hand, quantifiers should take into account emis- 
sions associated with transporting ami planting the 
seedlings. 

Counting upstream emission cuts can lead to dupli- 
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cation. For example, if a new forest plantation grows 
wood fiber to replace concrete or sled in construction, 
the landowner, the manufacturer of the wood prod- 
ucts, the contractor who builds buildings, the owner 
of the buildings, and the steel or cement manufac- 
turer may all want to claim cuts in greenhouse gascs. 
However. one ton of emission cuts can Icgitimaldy off- 
set only one ton of emissions. These types of conflicts 
arc resolved by allowing those directly responsible for 
emissions cuts and carbon offsets to own them. In this 
example, the landowner could not claim the emissions 
cuts. Instead, regulators of a mandatory cap and- trade 
system would likely allow the steel or cement marvufac - 
turer to claim an emissions credit. 

Downstream emissions occur when other parties 
act on a project's outputs For example, a farmer may 
sequester carbon in soil by reducing Ullage. Ihal 
farmer might produce com, and the buyer of the corn 
might use it to feed cattle, which produce methane 
when digesting the grain. The farmer who grows and 
sells the grain does not have to take responsibility foe 
the methane emissions of someone rise's cattle because 
the farmer does not control those cattle. 

However, a project should account for downstream 
GHG emissions from lands and waters owned by oth- 
ers if those emissions result directly from project ac- 
tivities and not from anyone rise's activities For exam 
pie. some nitrogen fertilizer applied to fields often enda 
up in streams, where a portion turns into nitrous oxide 
that is emitted to the atmosphere. The leached nitro- 
gen is a side effect of producing crops, not a marketed 
product of the farm operation. Because no other down- 
stream landowner is causing the emissions, a project 
that uses fertilizer roust take responsibility for those 
emissions. (Most projects would report average emis- 
sions from N;0 leaching m the region, rather than at- 
tempting to actually measure those emissions.) 

Some landowners aiming to create offsets may be 
tempted to take credit for upstream cun in emission* 
to which they are not entitled. For example, if a farmer 
uses less chemical-nitrogen fertilizer, he or she may 
wish to claim credit for a drop in emissions from the 
manufacture of the fertilizer. However, because the up- 
stream manufacturer of the fertilizer is not participat 
mg in the project, the farmer does not own those cut* 
and thus would not be able to sell them as GHG offsets. 



Creating Contracts for Trading Offsets 

Because offsets are property, property Uw determine* 
bow landowner*. project developers, and buyers can 
transfer ow nershtp of offsets. For this reason, partici- 
pants normally complete a contract before a project 
begins that clearly articulates the nature of the proj- 
ect and allocates costs, risks, liabilities, and profits. 

Contracts between landowners and project devel- 
opers may commit the former to performing speci- 
fied activities or delivering a certain number of off 
sets- Contracts between project developers and buy- 
ers usually specify delivery of a certain number of 
tons of sequestered carbon or cuts in greenhouse 
emissions, calculated using a specified process. In 
either case, the contract must specify who owns the 
rights to the offsets and. if applicable, prohibit the 
landowner from registering or otherwise claiming 
GHG benefits, to reduce confusion and the risk of 
double-counting. To be legally valid, contracts must 
provide some benefit to each party, such as allocating 
carbon offsets to one party in exchange for payments 
to the counterparty. 

Contracts should include a project schedule. For 
example, a contract governing sequestration of car- 
bon in trees or soil should refer to a monitoring and 
verification plan, if completed, or a schedule for de- 
veloping and approving such a plan. The contract 
should also include a schedule for implementing the 
plan over a specified period. Even if a contract covers 
only the transfer of existing offsets, it should specify 
dates for payments and delivery of offset*. 

Contracts that transfer rights to offsets based on 
emissions cuts, such as those based on capture of 
met haive from manure, may run for relatively short 
periods of time, such as one to five years. Contracts 
that transfer offsets based on sequestering carbon. In 
contrast, usually run for at least a decade 

Carbon sequestration contracts may involve a 
perpetual commitment to keep carbon stored, or they 
may run for only a fixed period If the commitment 
to store carbon is perpetual, it cannot he secured only 
by a contract. Contracts, by definition, can run for 
only a limited period of time. A buyer can ensure a 


perpetual obligation only by obtaining a property in 
terest from the seller, usually in the form of an ease- 
ment requiring or prohibiting certain land uses or 
management practices. <An easement should be re- 
corded with (Ise title to the land, so new landuwn 
ers cannot claim they did not know about it.) How 
ever, many landowners may be unwilling to grant a 
perpetual easement for much levs than the price they 
would gain from selling the property outright. In 
that situation, a project developer may wish to buy 
the land rather than an easement As an alternative, 
the buyer or developer could obligate a landowner to 
maintain carbon stocks for a specific period of time 
(at a reduced cost), with the expectation to negotiate I 
a new contract with the same landowner or a differ * 
ent landowner when the original contract expires. 

Offset contracts vary widely in the way they dis- 
tribute risks. For example, a project that requires a J 
significant capital investment (such as one involv 
ing planting trees for forest sequestration or build- 
ing a manure digester for reducing methane emis 
sions) may specify payments from buyers long before 
the project creates offsets. In return for advance pay- 
mentv a buyer may require a security interest in lands 
or facilities, to limit the risk that the project may not 
produce the offsets. One approach ts again to record 
a lien, covenant, or easement on the title to the land. 
This interest can expire at a certain time or after the 
buyer acknowledges that the seller has fulfilled the 
contracts obligations 

Contracts may specify delivery of a fixed number 
of tons, or they may require (or prohibit) specified ac 
tivities and transfer all resulting tons to the buyer. If 
the contract obligates the landowner only to perform 
specified activities, the buyer bears the risk that the 
activities will not generate the anticipated amount of 
offsets. 

Besides specifying the amount of offsets that a 
project will provide, a contract may also warrant 
that an independent verification organization (in the 
case of a voluntary program) or a specified regula- 
tory agency (in the case of a government mandated 
cap on GHG emissions) will accept the offsets. To 
satisfy buyers who must comply with emissions caps. 
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contracts may guarantee that a project developer will 
deliver offsets of comparable quality if the antici- 
pated offsets do not appear or are deemed unaccept 
able. As an alternate, buyers may opt to purchase 
insurance from a company that promises to provide 
suitable offsets if regulators or independent verifi- 
ers do not accept the contracted offsets. Contracts 
may also specify the steps that the parties will take if 
one claims default and the other contests the claim. 
A common procedure is to require arbitration with 
specific rules for that process, including how to select 
and pay the arbitrator. Parties commonly split the 
cost of arbitration, especially if it will define a settle- 
ment rather than assign fault. 

Parties wishing to transfer ownership of offsets 
may consult several sources for examples of con- 
tracts: 

-The Master Agreement for the Purchase and 
!sale of (-mission Producis. by the Environ- 
mental Markets Association, covers offsets 
sold outside an emissions cap <http.//www. 
cnvironmentalmarkets org). 

-The International Emissions Trading Associa- 
tion (IETA) offers multiple model contracts for 
transferring offsets within the European Trad 
ing System to comply with the Kyoto Protocol 
(hltp.'V www.ieta.orgK 


-The Emissions Trading Master Agreement for 
the EU Scheme ViO provides a framework 
for trading offsets between tiro parties or for 
multiple trades of emissions allowances. 

-The I ET As Clean Development Mechanism 
Emission Reduction Purchase Agreement V2.0 
is specifically tailored to trading offsets before 
they are created. This detailed contract, which 
includes provisions for verifying offsets under 
the Kyoto Clean Development Mechanism pro- 
cess and for dealing with a project that pro 
duces fewer or more offsets than anticipated, 
can sene as a checklist for shorter contracts. 

- The Climate Trust website (http://www. 
cliroaietrust.org) describes the lerms the trust 
wtll ask for In a contract tu purchase offsets. 

-New Tools for Improving Government Regain 
tion: An Assessment of Emissions Trading and 
Other Market-Based Regulatory Tools by Gary 
Bryncr. published by the Center for the Busi- 
ness of Government, provides a basic primer 
on offset contracts. 

Of course, parties must modify modd contracts 
to fit particular transactions and consult legal court 
sel on the appropriateness of particular provisions, 
given the laws of the locality that governs a contract. 


The farmer could take credit, on the other hand, for the 
drop in N^O emissions from project bndf that results 
from the use of less fertilizer. 

To make accounting more tractable, policy makers 
may specify that emission mitigation be counted either 
upstream or downstream from where it is actually oc- 
curring For example, a building constructed of wood 
keeps carbon stored in its wooden structure. However, 
it would be very* expensive to quantify and track the 
wood in hundreds of millions of structures. Policy 
might assign the right to count the emission mitiga 
tion provided by holding carbon in wooden structures 
to landowners who grow timber. If the right to count 
the carbon storage in wood products is assigned to the 
grower of the tree these products are made from, then 


the counting is done upstream from the physjeal stor- 
age of the carbon in a structure. The key ts that double 
counting is avoided because policy establishes a single 
point In the production chain at whkh a particular 
kind of GHG benefit is counted. 

Greenhouse gases removed from the atmosphere 
and re-emitted within the same accounting period da 
not count as offsets. For example, if a farmer grows and 
harvests a crop but then feeds the grain to livestock, 
and allows the residue to decompose, the project would 
produce no offsets. The CO, from animal respiration 
and the decay of plant residue replaces the CO, initially 
removed from the atmosphere by the growing crop. 

Project developers do not create new offsets by sim- 
ply maintaining those they previously created. For ex- 
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*mple. suppose that tn the first year of a project, trees 
absorb and store one ton of CO ? from the atmosphere, 
and the project gains credit for this as an offset. After 
the first year, the trees are stricken by drought and stop 
growing. The project will not create no new offsets after 
the first year, as it simply continues to store the carbon 
sequestered and credited in year one. 

Determining Who Owns Offsets 

If carbon offsets are traded in markets, they are legally a 
form of property, and their owners must be dearly and 
uniquely identified. Therefore participants in a project 
(whether landowners, project developers, or buyers) 
should assess ownership of any offsets. This normally 
requires assigning the rights and responsibilities for 
producing and owning them (see sidebar on "Creating 
Contracts for Trading Offsets') 

The owner of lands or facilities that reduce GHG 
emissions or sequester carbon usually has a strong 
claim to the resulting offsets. However, in practice, 
multiple parties may have claims to carbon offsets. For 
example, a farmer renting a field may sequester carbon 
in the soil by ssvitching from plowing to no-till cultiva- 
tion. However, the landowner— not the farmer— owns 
the soil storing the carbon, and that landowner may 
later pursue land-use practices that release those stores, 
such as by reinstating plowing. A prudent buyer of car- 
bon offsets would require both the farmer and the land 
ownrT to sign a contract assigning rights to any offsets 
and would require both to adhere to land management 
practices that protect those uffsets. 

I'rvclear or contested land titles weaken rights to 
offsets unless all parties with claims to the land con 
tractually assign the rights to any offsets If landowners 
have previously enrolled their lands in the Conserva- 
tion Reserve Program or another federal program that 
requires them to stop farming and plant grass or trees, 
the federal government may own the offsets that result 
because the government compensates farmers for par 
ttcipaiing in the program. However, in a cap and trade 
system, policymakers may choose to transfer owner- 
ship of any resulting offsets to landowners to provide 
another incentive for them to participate 

Buyers typically prefer to purchase large blocks of 


offsets instead of contracting with many landowners, 
and project developers for numerous small and inde- 
pendent offsets. This provides a role for retailers and. 
brokrrs (sometimes referred to as aggregators), who ac- 
quire offsets from numerous landowners, ensure that 
offsets are reliably measured and verified, and provide 
blocks of "clean* offsets to the market. Although re- 
tailers and brokers often do not own the offsets, buyers, 
may prefer to work with those that do That is because 
such entities are in a better position than individual 
landowners to self-insure— to make up any shortfalls. 
In the offsets they agree to provide to buyers, who use 
them to meet their emission caps. 

Buyers value certainty in the number of offsets and 
the time of delivery. Landowners, in contrast, tend to 
be unwilling to deliver a specified number of offsets at 
a specified time unless the price of offsets is high, pre- 
ferring to commit only U> certain land management 
practices. If a contract requires a landowner to pur 
sue certain land-use practices rather than create a cer- 
tain quantity of offsets, the buyer assumes the risk that 
greenhouse benefits will not materialiie. Contracts, 
that specify certain land- use practice* therefore usu- 
ally transfer all resulting offsets to the buyer. As an al- 
ternative. contracts may specify certain land-use prac 
tices and require delivery of a minimum amount of 
offsets Another alternative is that, in the future, insur 
ance may become available where the insured could re- 
ceive compensation if a project does not produce the 
anticipated amount of offsets. 

Accounting for Leakage 

Although project developers and quantifiers generally* 
do not have to account for upstream and downstream 
emissions, they do have to account for leakage — 
emissions displaced from inside the project s bound- 
aries to sources outude it Leakage is of most concern 
with projects that aim to boost carbon stocks tn existing 
forestlands by curbing logging. U.S. markets for forese 
products are robust, and changes tn supply in one region 
often spur compensation m other regions. For example, 
when logging in the Pacific Northwest was slowed to pro 
tect the spotted owl. harvesting shifted to the Southeast. 
That is leakage on a grand scale. 
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Landowners aiming to produce offsets by cutting 
back their timber harvesting must determine how 
changes in the supply of forest products will affect de- 
mand for those products. Ihe landowners must then 
take the resulting GHG emissions, or tots of carbon 
stored in biomass, into account in measuring the net 
greenhouse impact of their project. Assessing leak- 
age can be challenging, but fairly standard economic 
methods can help (sec Chapter 10). 

Unlike projects that curb timber harvesting, those 
that reforest marginal agricultural land are unlikely to 
result in significant leakage US. farmlands overproduce 
agricultural commodities, so such protects will probably 
not spur other farmers to convert forests to croplands to 
replenish the supply of crops. Such projects will therefore 
not displace emissions to other lands. Projects that entail 
a shift from plowing to no-till farming are also unlikely 
to produce leakage because the latter practice often im 
proves soil fertility and thus boosts crop yields. Therefore, 
emissions will not move to other locations. 

Leakage o a concern if farmers restore marginal crop- 
lands in one area to grasslands while converting other 
grasslands to crops. To address this issue, grassland- 
restoration propels usually need to establish baseline car- 
bon stocks oo a farmer's entire property three to five 
years before the projects begin. 

Unlike uncapped landowners, companies or coun- 
tries subject to emissions caps do not haw to account 
for leakage if they themselves reduce their emissions; 
regulators limit total emissions regardless of how they 
move around among emitters. Consider a situation 
where one utility reduces its emissions by producing 
less power, while another utility increases its emissions 
because it produces more power to replace the lost sup- 
ply’. 7he second company must still meet its own emis- 
sions cap. Thus overall emissions among the capped en- 
tities cannot exceed the total established by regulators. 

Quantifying Offsets from a Project 

Propels will devote significant effort to implementing 
the protocols for measuring changes in emissions and 
carbon stocks as detailed in the monitoring and verifi 
cation plan. To ensure that measurements are both re- 
liable and complete, the crew measuring soil carbon. 
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biomass, and methane and nitrous oxide emissions, 
in the field must receive specific guidance on how to 
perform all measurements Crews should demonstrate 
proficiency before quantifiers use their measurements, 
to calculate a project’s net greenhouse benefits. 

Quantifiers use the results of such measurements lo- 
cate u tale the carbon offsets to be claimed by project de- 
velopers. This process requires five stages. 

Stage I entails calculating either C. the total stock 
of carbon stored on project lands (in the case of a proj- 
ect based on carbon sequestration), or £. the total GHG 
emissions from project lands (in the case of a project 
based on reduction of GHG emissions) Quantifiers 
must adjust Cor £ to account for inadvertent emissions, 
arising from the project (see Appendix 2k 

Stage 2 entails calculating fi, the baseline (in the 
same units as C or £), and L, the leakage 

Stage 3 emails calculating the net GHG benefit of 
the project, before accounting for leakage. In the cate 
of a carbon sequestration project, the amount of car- 
bon stored on project lands should be greater than the 
baseline: 

Net GHG Benefit (C - ft) Equation 2.1a 

In the case of a project based on reduction of GHG 
emissions, the emissions from project lands should be 
lower than the baseline 

Net GHG Benefit * (fi - E) Equation 2.1b 

Stage 4 entails calculating the project's carbon off- 
sets by subtracting leakage from the net GHG benefit. 
By convention, leakage is expressed as a fraclion of the 
total NET GHG Benefit, so 

Offsets - Net GHG Benefit x (I - 1) Equation 2-2 

where the offsets are expressed as metric ions of COj# 
(see the end of this chapter). 

Stage 5 entails accounting for the uncertainty or 
probability error in the offsets calculated with Equa 
lion 2.2. This is critical because as uncertainty rises, 
regulators of a capped system will generally accept a 
smaller proportion of offsets as real, and buyers in a 
voluntary’ system will generally pay less for the offsets. 
To assure regulators and buyers that the offset* being 
marketed are real, the offsets actually credited to the 
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project are typically reduced by the uncertainty In the 
calculated offsets In other words. 

Credited Offsets = Offsets - m Equation 2 ) 

where is the uncertainty in the offsets at a con- 

fsdence level of CL% and is calculated using the stan- 
dard statistical tech niqocs described in Appendix 3. As 
discussed in that appendix, we recommend that uncer- 
tainties be stated at the 90% confidence level (lc.. CL « 
90%). This means that there is a one in ten chance that 
the actual offsets achieved by the project are less than 
the Credited Offsets calculated from Equation 2.3. Be- 
cause uncertainty reduces (he offsets credited to a proj- 
ect. project developers are confronted with a choke. 
Projects that rdy on less reliable methods will gener- 
ally entail less operating cost, but they will likely gen- 
erate larger uncertainty. The challenge for developers 
is to optimize protits by finding a balance so that the 
methods used to generate acceptable levels of both un 
certainty and operating costs. 

Registering and Verifying Offsets 

Alter quantifying offsets, project developers must com- 
plete a few more steps before they can easily sell them. 
To ensure transparency and make verification possible, 
developers should make public a brief written report 
that addresses several aspects of the project: 

-Where M was located. 

-Who was responsible for implementing it. 

-What activities landowners or farmers undertook 
to generate offsets. 

• Who was responsible for quantifying and verify- 
ing the offsets, and how they did so. 

- How many ton* of offsets the project generated. 

-When the offsets occurred, and how long they 
will persist. 

Concerns among project developers about safe- 
guarding proprietary information should not prevent 
transparency. Published reports can outline the ap- 
proach to quantifying greenhouse benefits while pro- 
viding only general information on land conditions 
and production techniques. Published information can 
similarly summarize a landowner's obligations and the 


legal instruments used to establish and enforce those- 
obligations rather than include the entire contract 

Project developers then need to enlist an indepen 
dent party to verify the offsets. Most regulated systems, 
require registration and independent verification. Even 
though voluntary systems do not. buyers should be- 
wary of any offsets that have not been registered and 
verified. 

Verifiers act as auditors of the offset process. They 
review the data gathered from project measurements, 
and the mclhods used to quantify the offsets, to en- 
sure that quantifiers implemented the measurement 
and verification plan properly and accurately. To avoid 
conflicts of interest, verifiers should not be involved in- 
the project in any other capacity 

The final step in the process is to register the offsets. 
This entails filing notice of the offsets with the appro 
priate agency, which assigns the owner a unique iden 
lifying number (just as in the registration of publicly 
traded securities and land properties). If the offsets arc 
sold, the registration Is amended to reflect the trans- 
fer. Thus ownership of the offsets is unambiguous, and. 
they cannot be sold to more than one party at a time. 

Retiring Offsets 

When a company or country buys offsets to comply 
with its emissions cap. it surrenders those offsets to the- 
regubtors of the cap and trade system, who ‘retire** 
them to ensure that no other company or country can 
use them. For example, regulators may assign a utility 
a cap of 100 tons of GHG emissions during a certain pe- 
riod. If the company emits 110 tons* it must buy at least 
10 tons of offsets to comply with Ms cap. When the util- 
ity uses the offsets to meet its cap during that period, 
regulators retire them, precluding anyone else from us- 
ing the offsets. An environmental group or other con- 
cerned party could also voluntarily acquire offsets ami 
retire them by submitting them to regulators. 

Offsets that involve sequestering carbon in trees or 
soil arc reversible. For example, timber grown under m 
forestry project can be cut or burned, re -emit ting the 
stored CO r Offsets that entail avosding GHG emis- 
sions. in contrast, are permanent. For example, if ai 
farmer creates offsets through practices that lead to 
lower emissions of methane or nitrous oxide, even ifi 
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that farmer later revert* to high-emission activities, the 
offsets created earlier still continue to exist 

Regulators and buyers must have a mechanism for 
tracking reversible offsets to ensure that they have not 
been lost- One approach is to assign them an expiration 
date Unless a utility or other buyer submits evidence 
that the offsets continue to exist by the expiration date, 
regulators can reclassify them as expired. A company 
or country that relics on reversible offsets to meet its 
emissions cap is essentially deferring emissions to the 
time when those offsets expire. Ihe emitter must then 
either buy new offsets or show that the offsets remain 
intact 

Expressing Offsets in Global Warming Potential 

Participants in a cap-and-trade system must have a 
uniform way of quantifying the greenhouse impact of 
the offsets they buy and sell. That is especially impor- 
tant because different greenhouse gases cause different 
amounts of warming per unit of gas. and they persist 
for different lengths of time in the atmosphere. 

Global warming potential (GWP) compares the im- 
pact of different GHG emissions on the clinule over a 
100 year period.* The GWP of each greenhouse gas is 
determined by two quantities the amount of warming 
a specified amount of the gas causes and the amount of 
time n persists in the atmosphere. Consider two hypo- 
thetical greenhouse gases. A and R. Roth remain in the 
atmosphere lor the same length of time, but A causes 
twice the warming as B. In this case. A would have a 
GWP twice ax Urge as that of B. Alternatively, imagine 
that A and B cause the same amount of warming, but A 
stays in the atmosphere twice as long as B. In that case. 
A would again Have a GWP twice as Urge as that of B 
By convention, the GWP of C0 2 is assigned a value 
l, and t he GWPs of other gases are expressed in relation 
to that of CO r Table I provides the GWP of the three 
gases most relevant to land management practices: 
CO r methane (CH # ). and nitrous oxide (N 3 0). Two 
sets of values are shown, one set from the 1995 report of 
the Intergovernmental Panel on Climate Change and 
the other from its 2001 report 4 

In quantifying offsets, quantifiers use GWPs to con- 
vert the tons of CH 4 and N 2 Q emissions that a project 
avoids emitting into metric ton* of C0 2 e (one metric 
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Tabte 2.1 100-Year Global Warming Potentials 


Gat 

1995 GWP 


2001 GWP 

Caftan dioxide 

• 

"T~ 

i 

1 

Methane 

21 

1 

23 

' NlirawsoxMte 

310 

~T 

296 


Source Intergovernmental Panel oei Climate Change (1995. 
2001V 


ton equals about 2.205 pounds). For example, in 2001. 
one ton of CH 4 emission* had the same warming po- 
tential as 23 tons of C0 2 . and thu* it wxwld be 23 ton* 

field scientists typically measure the amount of car- 
bon and nitrogen in biomass and soil, rather than the 
amount ofCOj and NjO. Thus, to quantify offsets, ana 
lyus need to convert those held measurements into the 
equivalent amounts of GHGs. For carbon, they do that: 
by dividing the molecular weight of C0 2 (44) by the 
molecular weight of carbon (12) and multiplying the re- 
sult (3.67) by the amount of carbon in soil. Ihus storing; 
I ton of carbon in the soil saves X67 tons of COje. Ana- 
lysts can similarly convert nitrogen to N.O by divid- 
ing the molecular weight of N } 0 (44) by the molecular 
weight of N, (28). They multiply the result (1.57) by the 
amount of nitrogen that becomes NjO. Thus 1 ion ol 
nitrogen emitled as S 2 0 equals 137 tons of NjO. Using: 
a GWP of 296 for N.O. 1-57 tons of N ; 0 is equivalent 
to 464 tons of C0 2 c. With offsets reliably quantified! 
in tons of CO.e. landowners can sell them to compa- 
nies or countries that must meet their emissions cap* 
or to buyers that voluntarily agree to limit their GHG* 
emissions. 


This overview of the steps involved in developing car- 
bon offsets based on land management techniques re- 
veals how challenging that process can be. However, 
with careful planning and implementation, landown- 
ers and farmers can create reliable offsets that help 
slow global warming while they also reap a new income 
stream. The next chapter explores the various kinds of 
offset projects landowners and farmers can pursue. 
Part 11 of the book then provides a more detailed dis- 
cussion of each of the steps outlined in this chapter. 
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Chapter 3 

Land-Management Options 
for Creating Offsets 


Landowner* and project developer* can pursue a va- 
ricty of activities to create carbon offsets This chapter 
focuses on lour overarching types of projects based on 
those activities: 

1. Projects designed to sequester carbon in bio* 
mass through the cultivation of new forests and 
grasslands or through delays in the harvesting of 
forests. 

2. Projects designed to sequester carbon in soils 
through changes in farming practice*, such as 
through the adoption of no-till farming 

y Projects designed to reduce greenhouse emis- 
sions of methane and nitrous oxide through 
changes in farming practices. 

•4. Projects designed to reduce greenhouse emis- 
sions of methane through changes in the 
practice* used to process and dispose of 
manure. 

These four types of projects do not encompass every 
possible change in land management that could oc 
cur at every site, (This booh does not address activi- 
ties available to landowners that are not specific and 
unique, such as building windmills and growing bio 
energy crops.) However, they arc particularly promis 
ing because they can 

Create larger amount* of offset* per acre than 
other techniques. 


-Create offsets at moderate or low cost per ton. 

-Create substantial amounts of offsets across the 
United States 

Although this book addresses each type of project 
separately, any one change in land-management activ- 
ity can exert several different impacts on GHG emis- 
sions. For example, a project that shifts from cultivating 
annual crops through plowing and applying nitrogen 
fertilizer to growing and permanently conserving for- 
est could produce several types of GHG benefits. These 
include sequestering carbon in trees and other vegeta- 
tion. sequestering carbon In the soil, reducing fossil- 
fuel emissions from the machines used in cropping, 
and curbing nitrous oxide emissions from the fertil- 
izer Protect developers can take all these benefits Into 
account in assessing the amount of carbon offsets t line 
project produces To do so, however, they mud quan- 
tify the GHG benefits of cha nges in each source of emis- 
sions separately ( see Chapters 6 -9). They must also take 
into account a project's inadvertent emissions. such as 
from the use of fossil fuels to power tractors, which re 
ducc the amount of offsets a project can claim (see Ap- 
pendix 2k 

Increasing the Amount of Carbon 
Stored in Trees and Wood Fiber 

The mod common type of land-management activity 
for creating offsets— and often the most productive is 
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to boost the amount of carbon stored in tree* and wood 
fiber. This activity includes four approaches 

- Establishing trees on land that docs not have trees. 

'Allowing existing trees to grow larger, or other- 
wise increasing the amount of biomass in forest 
stands. 

- Increasing the amount of carbon stored in wood 
products and wood waste. 

- Decreasing the loss of carbon stored in trees. 

Establishing New Trees 

Trees are uniquely efficient at removing carbon from 
the atmosphere and storing it as long-lasting bio- 
mass. Oven-dry wood is approximately half carbon by 
weight— carbon that was all in atmospheric carbon di- 
oxide befure the tree converted it during photosynthe- 
sis. As it grows, a typical acre of Douglas fir will seques- 
ter about 300 to 400 metric tons of CO,c over its first 
50 to 75 years. A healthy 100 year-old stand of Douglas 
fir on a productive site may hold as much as 800 metric 
tons of C0 2 c 

Practices for establishing trees are well known. On 
many sites that could support trees but do not. the har- 
rier is financial rather than practical There are two 
types of financial barriers. First, other land uses may 
provide greater financial returns than activities pro- 
ducing GHG offsets. Second, establishing trees usually 
costs several hundred dollars per acre, and investors 
may be unwilling to make a substantial cash invest- 
ment on hope of receiving a financial return on the fu- 
ture sale of offsets. On optimal U.S. sites, the cost of se- 
questering carbon In trees on former agricultural land 
can be as low as $6 per ton CO.c. 1 hut rising land prices 
may nuke this low sequestration cost unattainable in 
the future. 

Projects that seek to sequester carbon by growing 
new trees should select suitable lands A substantial 
portion of such lands probably supported trees at some 
point during the last millennium and were cleared for 
agricultural use. Suitable lands also include those from 
which merchantable timber has been extracted, but that 
did not regenerate forest and are not managed. Suit- 
able lands usually' do not include native grasslands, and 
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most buyers will not want offsets created by destroying 
such bnds and replacing them with forest. Note that 
the conversion of native forest to a fiber oriented plan 
cation may reduce the amount of carbon stored in the- 
forest. 

The most cost effective sites for sequestering carbon 
in trees are those that are in low-value agricultural use 1 
or those with degraded forest that are located where 
land prices are low because development demansk 
U weak. Such sites may be able to grow trees quickly 
enough that the revenue from offsets can cover the 
costs of purchasing the land and establishing trees. 

Sites that require irrigation to grow trees are oftem 
not good candidates for sequestration protects because 
of GHG emissions from the fuel used to pump irriga- 
tion water and because of the potential for COj emis 
sions when irrigation water chemically reacts with soils 
and waters. Projects would have to take such emissions 
into account (see Appendix 2). However, projects that: 
sequester carbon in wood products by irrigating short 
rotation trees may be economically feasible, given reve- 
nues from both wood products and sequestration. 

Allowing Existing Trees to Crow Larger 

Project developer* can create offsets by increasing the 
age of trees at final harvest or by ceasing harvest andi 
letting young trees grow. If harvesting end*, greater 
harvest elsewhere will replace most of the lost supply of 
wood products. Such a project would therefore have to 
subtract the emissions from the displaced harvest from 
the amount of carbon the project sequesters. Projects 
can mitigate such displacement, or leakage, by mclud 
ing new wood production. For example, a project that 
preserves forest can include a new plantation that it. 
managed for a high rale of wood production 

F.xtending timber rotations can sequester a few met 
ric tons of C0 2 e per acre each year by raising the aver- 
age carbon stock on productive tlmberland. However, 
because developers of such projects would forego lim- 
ber revenue, the cost per ton of offsets could be high. 
Moreover, these projects would not create offsets until 
the forest reached the longer rotation age, but the costs 
of foregoing harvest would occur at the start of the 
proycct. Still, extending rotation lengths increase* not 
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only I he total amount of wood at harvest but also ihe 
average amount of volume growth per year, partially 
offsetting the loss from deferring harvest. At todays 
wood prices, offsets created by extending rotations 
would usually cost more than 5100 per ton. However, 
they could cost less if the species or quality of the trees 
is low or if the landowner has some other reason for 
deferring harvest. 

In theory, another strategy for increasing forest 
carbon stocks is reducing carbon losses from distur 
bances such a* fires and disease, However, in practice, 
such disturbances are hard to control. In addition, ef- 
forts to reduce disturbances (such as vigorously thin 
ning overstocked stands to curtail the risk of fire and 
disease) may also produce more GHG emissions from 
the added use of fossil fuel than the sequestered carbon 
offsets. 

Increasing the Carbon in Wood Products 
and Wood Waste 

Wood products such as paper and lumber hold car- 
boo sequestered from the atmosphere. Projects may in- 
crease such sequestration by boosting the proportion 
of harvested wood that forest owners set apart for wood 
products. 

Whether carbon sequestered in wood products 
counts as offsets depends on the GHG mitigation sys- 
tem. A regulatory or voluntary system may assign 
ownership of such offsets to tree growers, wood prod 
uct manufacturers, whoever possesses the wood fiber, 
the government, or someone else. If the system assigns 
ownership to the possessors of wood fiber, very few 
will have enough carbon storage to justify the costs of 
documenting it. so most such sequestration would go 
uncounted. If the system assigns ownership to land 
owners who grow trees, the offsets could provide a no- 
ticeable increase in the financial returns from forestry, 
thus encouraging the growth of trees for wood prod- 
ucts. If the system assigns ownership to tree growers or 
product manufacturers, the amount of carbon stored is 
a function of the lifespan of various products, based on 
studies of how long they last. 

With efficient timber harvest, only about a quarter 
to a third of Ihe carbon in live trees usually ends up in 


products- Whereas entire tree trunks may be used to 
make paper or other wood products, this stem wood 
contains only a bit more than half of the carbon in a 
merchantable tree. Processing the stem wood produces 
mill waste, which further reduces the carbon from 
trees that goes into wood products. Some of the mill 
waste is used for products such as particle board (which 
could be counted as sequestered carbon for the life of 
the board), but some is burned for heat or electricity 
(which could not be counted as sequestered carbon, but 
which might avoid fossil-fuel emissions) Nevertheless, 
the rate of carbon flowing into products can be signifi- 
cant. For example, tree growth on a productive site 
hotting Douglas fir in the Pacific Northwest can aver- 
age more than 900 board feet per acre per year. 'Hits 
represents slightly more than I metric ton of C0 2 c of 
carbon in lumber. 

Carbon sequestration in wood products can rise 
even when carbon Hocks within a forest are con 
stant. In a forest where harvest equals growth, and the 
amount of carbon in woody debris and on the forest 
floor remains constant, the total amount of carbon in 
the forest will not change appreciably. Yet wood is flow 
ing out of the forest, and any wood products will se- 
quester carbon. Of course, wood products are taken 
out of use over time, so project developers and buyers- 
must apply decay rates to offsets based on sequestration 
in these products. 

The ultimate fate of the wood products also affects, 
the amount of offsets that a protect can create. When 
buried in an engineered and managed landfill, most- 
carbon in wood waste remains stored almost indefi 
mtely. Buried waste usually releases a small amount oC 
methane, but this usually cancels out only a portion ofl 
the sequestration. However, if waste is burned or left 
to decompose, it releases essentially all its carbon Into 
the atmosphere, reversing all the initial offsets awarded 
to a project for sequestration in wood products. If the 
waste decomposes in anaerobic conditions, it could re- 
lease enough methane to lead to a negative offset. 

GHG mitigation systems may allow project develop- 
ers to count carbon stored only in wood products that 
remain in use. or they may also allow* them to count 
carbon in products disposed of in landfills. If the Ut- 
ter is the case, either the landfill operator or the prof- 



201 


ect developer can claim errdit for the offsets depending 
upon who owns the rights to the carbon stored in the 

hnM 

Decreasing the Loss of Carbon Stored in Trees 

Carbon released from forests accounts for a significant 
proportion of anthropogenic emissions. 1 In the United 
States, forest is usually cleared for residential devel- 
opment.' In developing countries, forests are usually 
cleared for agriculture. Reducing those losses would 
not only provide greenhouse benefits hut also help 
maintain the ecological value of forest s. 

However, simply preventing the removal of trees 
from a specific area, without addressing the reasons 
why removal is occurring, is unlikely to result in much 
net GHG benefit. Most demand for wood or land will 
be displaced to other locations. 

Project developers may satisfy demand foe wood 
by establishing a highly productive forest plantation 
on land not previously forested, usually land in agri- 
cultural use. Displaced demand for agricultural land 
could be offset through lower agricultural subsidies 
or the use of more productive or sustainable farm- 
ing methods. Incentives for clustered development, 
or regulatory limits on development, could also re- 
duce demand for land For example, a landowner could 
voluntarily cluster development— indeed, clustering is 
occurring in many forested rural regions of the United 
States to preserve habitat— or a zoning board could re- 
quire clustering. Any resulting offsets would have to 
undergo an additionality test and account for leakage 
However, they would be legally strong if both the land 
owner and the zoning board acknowledge the potential 
claims of the other and share the benefits. 

If trees have value as timber, and the landowner re- 
quires payment of at least the value of the timber to 
preserve the trees, offsets are likdy to cost at least $70 
per metric ton C0 2 e in the United States. The cost of se- 
questration can be much lower if there is no alternative 
economic use of the wood hber The cost can be much 
higher if a propel must buy all the timber on a prop- 
erty each year but can count only a small portion of the 
total carbon slock as an offset each year because clear- 
ing affects only a small proportion of the forested area. 
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This opt son is financially viable only if offset prices are 
relatively high. 

Increasing the Amount of Carbon Stored in Soil 

Globally, soil and plant detritus contain I.S to 2 trillion 
metric tons of carbon- nearly three limes the amount 
in the atmosphere. Yet conventional agricultural prac- 
tices. especially plowing, have reduced soil carbon 
stocks. This situation has created an opportunity foe 
Landowners, by replenishing these lost carbon stocks, 
they can remove carbon dioxide from the atmosphere 
and can market the stored carbon as offsets. Practices 
that restore carbon also improve food security because 
they help soil retain moisture and nutrients while mak- 
ing those nutrients accessible to growing plants. That, 
in turn, reduces the need for nitrogen fertilizer, thereby 
cutting nitrous oxide emissions. 

Over time, the amount of carbon in soil moves to- 
ward equilibrium, when carbon removals exactly bal- 
ance carbon inputs. Land management practices that 
change the rate of carbon input, rate of carbon re 
moval. or both can raise the equilibrium level and in- 
crease carbon stocks. 

Strategies that can increase soil carbon include: 

-Curbing soil disturbance from tillage when grow- 
ing annual crops 

-Increasing carbon inputs from plant residue by 
boosting the rate of plant growth or the propor- 
tion of time that plants are growing and by leav- 
ing the biomass onsite. 

-Increasing the proportion of plant biomass re- 
tained onsite. 

-Switching to perennial species such as grasses and 
improving grassland conditions. 

-Changing conditions to favor, to a degree, the for- 
mation of inorganic carbon compounds. 

Decreasing Sod Disturbance in Annual Cropping 

In conventional tillage, plowing completely inverts thr 
soil after the harvest of one crop and before the plant- 
ing of the next crop. The aeration and exposure of or- 
ganic matter spurs activity among microbes that use 



organa materials as food, thereby decomposing it and 
releasing C0 2 into the atmosphere. 4 Tillage provides 
immediate benefits by releasing some nutrients pre- 
viously protected within soil aggregates, controlling 
weeds, and speeding soil warming in the spring. How 
ever, over time, these benefits come at the cost of de- 
graded soil quality. 

Coniervuttem fd/ugeencompaitesa range of meihods 
for preparing the seedbed that curb erosion and lease at 
least 15 to 30 percent of the surface covered with crop 
residue immediately after planting (the specific per- 
centage depends on the crop). Conservation tillage also 
requires fewer passes of equipment than conventional 
tillage and thus reduces fossil fuel emissions. 

Such methods include no till and reduced-till crop 
ping, which disturb the soil leu than conventional till- 
age. and other practices that lease substantial amounts 
of crop residue on the soil surface. Conservation till- 
age raises the proportion of organic carbon in the soil 
by avoiding increases in soil respiration, which con- 
verts organic carbon to CO, released into the atmo 
sphere. Reducing tillage also allows clumps of toil to 
retain carbon -containing organic material, preventing 
it from decomposing. 

Farmers using no rill cropping do not disturb the 
soil except to carve slots in the ground for seed. No till 
farmers also leave crop residues on the ground, which, 
along with herbicides, help control weeds. Farmers 
practicing rrJucfJ till farming (also called strip plow- 
ing) plow only narrow strips of soil, breaking up the 
soil less than conventional plowing Rcduced-till prac- 
tices include ridge tilling, wherein farmers make ridges 
every two or three years and grow a row of crops on 
each ridge, leaving the soil undisturbed between har- 
vest and planting 

Another type of conservation tillage is churl plow- 
ing, wherein farmers use vertical shafts to rip the soul, 
aerating it but leaving some crop residue to protect the 
surface from erosion. Chisel plowing leaves a rough 
surface and requires disking to smooth it. 

Not all crops are amenable to no till farming Re 
moving root crops, such as potatoes, from the ground 
disturbs (he soil, and farmers sometimes need tillage to 
control pests or diseases. For example, California regu- 
lations require farmers to shred the root crowns of cot- 


ton plants every fall to control pink boll worm, which 
they do using tillage. 

Recent analyses have shown that rcduced-tiil prac- 
tices sequester carbon only under certain climatic 
conditions. Regions with relatively high precipitation 
(such os the U.S. Coen Belt, which extends from Indi- 
ana to Iowa) have a fair potential for storing carbon 
because they have high productivity, whsch provides 
Urge amounts of crop residue as carbon input to the 
soil. Drier environments (such as the Great Flams, west 
of the Corn Belt) may not generate enough sequestra- 
tion to make offset projects financially viable. That is 
because lower rates of productivity yield only modesi 
carbon inputs, and soil respiration over a larger pro- 
portion of the yrar may actually reduce carbon input 
to the soil. 

Keduccd-tlll practices such as chisel plowing can 
still disturb the soil enough that it stores little carbon. 
Unlike reduced-till farming no-till cropping can re- 
store some of the carbon lost through tillage Although 
sequestration rates vary with climate and crop rota- 
tion. no till farming boosts carbon storage in moist, 
semiarid. and arid conditions alike because it slow* 
respiration enough to raise the equilibrium soil car- 
bon content. Increases in soil carbon are greatest when 
farmers couple a switch to no-lill cropping with inten- 
sified cropping (see the next section) However, no- ull 
farming docs not expand carbon stocks in cold, moisa 
climates where soil carbon levels arc already relatively 
high, such as in parts of eastern Canada. 

Rotoliomil lill %y*lem% use both conventional and 
conservation tillage practices, depending on the crop, 
to control pests and weeds. However, rotational sys- 
tems arc not particularly effective in sequestering car- 
bon. Studies have shown that carbon storage decline* 
dramatically if Und under continuous no-tili manage- 
ment reverts to conventional tillage. Even a single pass 
of the plow every four to five years releases much of the 
carbon stored through previous no-lill practices 

Switching from plowing to no-till farming may in- 
crease nilmus oxide and methane emissions as soil 
structure recovers from plowing. The mechanisms that 
cause these increases are not completely understood, 
but they probably reflect low oxygen levels within 
clumps of soil that form after tillage ends. The increases 
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in methane and nitrous oxide emissions can cancel out 
the GHG benefit* of carbon sequestration revolting 
from no-till (arming for several years. Because most of 
the extra GHG impact stems from nitrous oxide emis- 
sions. developers of no-till projects must carefully con- 
trol the timing and amount of nitrogen fertilizer they 
apply. They must also continue their projects for at least 
a decade to counteract this effect. Also, in many parts 
of the country, a substantial portion of cropping al- 
ready uses conservation tillage As a result, the base- 
line for a project will reflect this existing proportion 
of conservation tillage, and a proportion of the carbon 
sequestration achieved by the project equal to the pro- 
portion of existing conservation tillage will not count 
as an offset. 

Increasing Carbon Inputs from Crop Residue 

Plant residues converted into organic matter are the 
major source of carbon in soil, so leaving plant residues 
behind after harvesting is an important technique for 
enhancing soil carbon. Farmers can raise the amount 
of crop residue by accelerating the growth of existing 
crop strains or switching to crops that produce more 
biomass. For example, soybeans produce relatively lit- 
tle residue, whereas com generates large amounts- If 
farmers leave crop residues on fields, switching from 
soybeans to com will increase carbon inputs to the soil, 
all other aspects being equal. The extent to which such 
activities can lead to carbon offsets depends on a vari- 
ety of factors that landowners need to carefully con- 
sider before they embark on an offset project. 

Moat crop residues decompose over a few years. 
A fraction of 1 percent of such residues typically be- 
comes hum* material, which can persist in the soil 
for centuries. Decomposition converts most of the re- 
maining carbon to GOj. which U returned to the at- 
mosphere. The persistence of soil organic carbon is in- 
versely related to temperature cold soils can build huge 
stocks of organic matter, whereas many tropical soils 
never accumulate much, regardless of inputs and land- 
management techniques. 

If farmers expand residue inputs for only a few years 
and then return to lower levels, much of the gain in soil 
carbon will quickly be lost, as microbes consume easily 
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decomposed plant maternal and release COj. However, 
if farmers of moderately productive, temperate soil* 
sustain high residue levels for a decade or two. a signifi- 
cant proportion of the gain in soil carbon from humic 
materials should persist long after the farmers revert la 
low input levels. 

Mineral fertilizers and better crop varieties raised 
crop yields steadily during the latter half of the twen- 
tieth century. This increased the amount of plant resi- 
due. and thus carbon, in the soil. 5 In the U S. Corn 
Bdt. rising amounts of crop residues partially reversed 
losses of soil carbon from tillage in the first half of the 
last century. Further increases that may even surpass 
natural soil carbon levels may be possible through the 
application of organic fertilizers such as manure and 
compost. 

Raising levels of organic carbon in soil can increase 
nitrous oxide emissions, which have a greater warming 
impact than the carbon sequestration mitigate* This i* 
most likely to occur when projects start with very low. 
levels of soil carbon and when nitrogen is plentiful in 
the soil. Moreover, if farmers obtain manure by adding 
less of it to other locations, then the carbon gains may 
come at the expense of carbon losses from the soil ai 
other sites. 

Enhancing crop production can exert negative a* 
well as positive GHG impacts on site, upstream in the 
production chain, or downstream. The manufacture 
of chemical fertilizers typically causes substantial up- 
stream emissions. In some cases, sequestration of car- 
bon in soil can more than offset these emissions, but 
prefect developers must analyze the net impact Under 
continuous tillage, the COjC of soil carbon sequestra- 
tion resulting from increased carbon inputs to the soil 
from increased fertilization appears to often he less than 
the CO. emissions from manufacturing ihe additional 
fertilizer (Schlesmger 2000). However, land manag- 
ers may also apply more fertilizer than plants and soil 
biota can absorb. This excess nitrogen can cause signif- 
icant nitrous oxide emissions, and it is the major source 
of downstream water pollution in some regions. 

Irrigation enhances crop production and therefore 
sod carbon, particularly tn scmiarid and arid regions. 
However, increasing irrigation typically raises emis- 
sions of methane, nitrouv oxide, and CO r canceling 
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out some or ail of the carbon sequevtration If clforti to 
expand crop production rely on more irrigation, proj- 
ect developers should account for any resulting meth- 
ane. nitrous oxide, and CO> emissions, and lor emis- 
sions from the fuel used for pumping. Rising amounts 
of crop residue can also sometimes lead to methane and 
nitrous oxide emissions. Although both dry and moist 
soils are genet ally methane sinks, residue that decom- 
poses while saturated with water produces methane. 
Farmers may also burn residues to clear the soil sur- 
face for later crops, control disease, or release nutrients. 
If combustion is incomplete, this burning produces 
methane. Again, project developers must take these 
emissions into account. 

Boosting crop residue by increasing the proportion 
of time that plants are growing on a site usually entails 
eliminating or reducing fallow periods, when the soil 
is bare For example, if farming focuses on a summer 
crop, and a field has lain bare between fall harvest and 
spring planting, cover crops such as rye and legumes 
enhance carbon storage because of the added residues 
they produce, Farmers often treat cover crops as green 
manure, leaving the whole plant in the field to provide 
maximum carbon input. Although increasing the pro- 
portion of time that plants are growing enhances car 
bon storage, coupling more growing time with no-till 
farming is much more effective because this both in- 
creates carbon inputs and decreases removals 

If farmers were to allocate the cost of cover crops 
only to carbon sequestration, the cost per ton would 
be moderately high. However, the cost per ton of se- 
questration could be modest if the cover crop is a nitro- 
gen fixer, reducing the need for chemical fertilizer, and 
if it enhances soil quality and thus crop production. 
Switching from chemical fertilizers to cover-crop resi- 
dues may also cut nitrous oxide emissions, much like 
switching from chemical fertilizer to manure. 

Bare- summer fallow has proven an important land- 
management option in sermand and arid regions. Wa- 
ter infilt rating the soil accumulates during the tallow 
period, when crops are not actively growing and trans- 
piring Greater water availability enhances production 
during the next growing season, which it then followed 
by another fallow period. Unfortunately, soil respira- 
tion continues to remove carbon from the soil during 


the fallow period Under a no-till system, residues limit 
water lost through evaporation, enhancing carbon stor- 
age in semiarid and arid soils. Farmers can crop con- 
tinuously on some sites using no-till practices, whereas 
they might need fallow periods if they were using con- 
ventional tillage. 

Switching from Annual Crops lo Perennial Plants 

Over time, croplands converted to perennial cover 
such as gTass or some kinds of trees approach native 
conditions in the amount of organic carbon they store. 
The switch lessens soil disturbance and improves soil 
structure. Although the rate of carbon storage is con- 
siderably slower than the carbon loss that occurred af- 
ter the land's original conversion to cropland, the soil* 
is likely lo gain more carbon than under other manage- 
ment options 

For example, the U S. Conservation Reserve Pro- 
gram. which encourages landowners to set aside mar- 
ginal cropland for grassland and forest, has seques- 
tered more carbon in U.S. agricultural lands than any 
other program As of 200*1. the program had enrolled 
nearly 35 million acres with grassy or woody perennial 
vegetation. 6 However, the total sequestration is small 
relative to total emissions from agriculture. 

When quantifying the greenhouse benefits of con 
verting cropland to grassland or forest, developers must 
estimate leakage— the othet lands planted in crops as a. 
result of the loss of project cropland Research shows, 
that about 20 percent of a conserved area is canceled 
by other lands brought into production elsewhere ( Wm 
2000) The amount of leakage may be more or less than, 
the proportion of area displaced (Murray 2004). 

Mixed systems incorporate one to several years of 
pasture or hay into a crop rotation, such as four years 
of corn followed by four years of hay. Stands of peren- 
nial grasses such as hay tend to have more root mass 
than annual plants, so switching from annual crops to 
a mixed system can increase carbon stocks by expand 
ing below ground residue. However, the gams will not 
be as great as under a permanent switch from annuaG 
crops to perennial species, particularly if farmers use 
tillage to clear perennial plants for an annual crop. 

Some projects may consider harvesting plant resi- 
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dun for use as fuel Developers should analyze such 
projects carefully because removing residues reduces 
carbon inputs into the soil. The net effect of projects 
that remove aboveground biomass from a site will de- 
pend on the soil carbon stock, the amount of residue 
left on the soil, and the speed at which the retained 
material decomposes. Even so, if ressdues displace fos- 
sil fuel used for energy, this mitigation will usually be 
much greater than the amount of soil carbon lost, 

Improving Grassland Conditions 

Several grassland management practices Influence the 
carbon balance in soils, and thus they could provide 
the basis for offset projects. These practices include re- 
ducing grazing intensity, changing the timing ot graz- 
ing. irrigating grasslands, applying mineral and or- 
ganic fertilizers, seeding more productive varieties and 
legumes, and reducing or eliminating burning. The 
more landowners use these practices in managing pas- 
tures and rangelands, the more carbon the lands will 
store. 

Adding water or nutrients can increase plant growth 
and thus the amount of plant biomass aval table for car- 
bon storage. Grazing has an impact on carbon storage 
because it removes bksmais, but the effects are vari- 
able because some plant speocs respond to some types 
of grazing by allocating more carbon to roots than to 
shoots. Under many conditions, a higher proportion 
of root residues than aboveground biomass residues 
are incorporated into soil organic matter. As a result, 
some grazing regimes that improve grassland condi- 
tions can sequester carbon. When the grazing regime 
docs not base this effect and leaves more carbon in the 
shoots, biomass must be transferred to the soil through 
physical mixing such as earthworm activity or through 
If acli mg of dissolved organic carbon into the soil. 7 

The net impact of fire on the storage of organic car- 
bon depends on two contradictory effects. Intuitively, 
burning surface organic matter would seem to limit the 
potential for increasing toil carbon because that prac- 
tice converts plant matter into atmospheric C0 2 . How- 
ever. burning stimulates new plant growth, in part by 
releasing nutrients bound in plant tissues. In moist di- 
males (such as the eastern prairies of the United States), 
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plant growth from nutrients released by fire offsets the 
removal of residue, leading to a minimal loss or even 
an increase in carbon storage. A portion of the burned 
material also turns into charcoal. which can persist for 
millennia in the soil (although if sites burn again, the 
charcoal may also burn). 

The increase in plant production in response to fire 
depends on several factors, including climatic varia- 
bility, topography, and grazing. The net effect of fire 
on carbon storage is therefore highly variable. These 
impacts range from negative under conditions such a* 
drought, which limits later plant production, to positive 
in situations where regrowth (with or without charcoal 
production) outweighs carbon consumed by fire. 

Sequestering Inorganic Carbon 

Most soil carbon projects target organic carbon, which 
is derived from the tissues of plants or animals anil 
is contained in organic molecules. Inorganic carbon, 
though, is an important component of total soil carbon 
levels, particularly in and soils. Inorganic carbon can 
be very stable and thus remain in soil indefinitely. How- 
ever. potential rates of inorganic carbon sequestration 
are low. and in most sods, they are less than potential 
sequestration rates for organic carbon. Irrigation can 
cause noticeable rates of deposition of Inorganic car- 
bon in soils, but the effect of increasing water can cause 
substantial amounts of net COj emissions from soils. 
Pumping irrigation water also causes substantial 0O 2 
emissions if fossil fuel is used as the source of energy 

Soils can cither produce or destroy inorganic car- 
bon. depending on several factors, but mainly on soil 
pH. Alkaline soils usually convert CO, from the air 
into solid carbonate, especially calcium carbonate. 
Acidic soils usually break down carbonate* and bicar- 
bonate* in the soil, releasing the carbon in these mole- 
cules as CO r Irrigation of soils with water containing 
substantial amounts of calcium bicarbonate can re- 
lease inorganic carbon as CO ; because of acidification 
resulting from greater plant growth and nitrogen fer- 
tilizer. (f a project entails irrigating arid soils, it should 
asses* emissions from inorganic soil carbon 
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Reducing Fud Use 

Cutting the amount of fossil fud used to manage land* 
reduces greenhouse gas emissions directly Land man- 
agers can curb fud use by switching to cropping prac- 
tices that require fewer passes of equipment across 
fields or to practices that require less power for each 
pass. For example, plowing requires more power than 
most other cropping activities 

Eliminating plowing by switching to no till farming 
can save a significant amount of fuel while requiring 
only modest amounts of greater effort during planting 
and spraying. Typically, projects that switch from con- 
ventional plowing to no till farming save about 2 gal 
Ions of fuel per acre per year. Every gallon of fud burned 
emits about .01 tons of CO r For a farm that cultivates 
2.000 acres, reducing emissions by 2 gallons per acre 
per year would cut total emissions by about 40 metric 
tons of COjC per year. If land managers switched hack 
to conventional tillage, they would stop generating new 
offsets from cuts In fud use, but they would not revrrse 
offsets from previous years 

land managers can also reduce emissions by switch- 
ing from fossil fuel to biofuds. However, any net reduc- 
tions in greenhouse gases must account for emissions 
from the production of the biofuels, which can he sig- 
nificant. Verifiers must also ensure that cuts in emis- 
sions are counted only once, rather than by both the 
fuel manufacturer and the end user. (This book does 
not include guidelines for calculating offsets from bso- 
fuels. The fuel sector has developed those methods, 
and they do not relate directly to land -management 
practices) 

Reducing the Use of Nitrogen Fertilizer 

Biological and geochemical processes in soil can con- 
vert nitrogen from fertilizer to nitrous oxide, which is 
emitted to the atmosphere. Because one pound of ni- 
trous oxide has about 300 times the warming effect of 
one pound of CO r a relatively small amount of nitrous 
oxide emissions can offset the entire greenhouse bene- 
fit of sequestering carbon in soil. 

Land management practices, especially agricultural 
practices, greatly affect the amount and transforma 


lion of nitrogen in soils. The major human sources of 
nitrogen in soils occur when farmers apply fertilizers 
and manure and when they incorporate crop residue 
into soiL 

To mitigate nitrous oxide emissions, landowners 
can either reduce the amount of nitrogen in the soil or 
interrupt nitrification and denitrification. Nitrification 
Is an oxidation process that typically releases energy 
and produces nitrate. Under some conditions, nitrifi- 
cation can result in some of the nitrogen leaking out as 
nitrous oxide. Denitrification entails a chain of micro 
biological reactions that mostly produces gaseous ni- 
trogen (NJ but can also emit nitrous oxide or nitric 
oxide from intermediate steps in the process 

The primary option for reducing nitrous oxide 
emissions from soil is curbing the use of nitrogen fer- 
tilizer. U S farmers often apply more nitrogen in fertll 
tzer than crops can absorb. Testing soil to determine its 
nitrogen content, calculating the amount the next crop 
needs, and adding just enough to counter any short 
fall may allow land managers to reduce their fertilizer 
use, thereby saving money as well as reducing nitrous 
oxide emissions. Such practices can also reduce water 
pollution because the excess nitrogen that crops and 
microbes cannot absorb can leach into streams and 
groundwater during wet periods. 

Timing nitrogen inputs to match crop demand for 
nitrogen is another strategy tor reducing nitrous oxide 
emissions The greatest need for nitrogen occurs when 
crops are adding biomass and forming seeds, which 
usually have a higher nitrogen content than otlwr plant 
tissues. This growth generally occurs in the spring and. 
in regions with summer moisture, summer. However* 
farmers often apply fertilizer in the fall because the soiL 
is firm and can support the weight of heavy equipment 
and because they often have more time after harvest. 
Fertilizing during planting or after crops emerge (often 
by using lighter existing tracks or Urge tires to avoid 
soil compaction) can decrease nitrous oxide emissions: 
and also translate into a direct financial benefit. Nitri 
ficat ion Inhibitors, which slow the release of nitrogen* 
can further improve the match between the liming of! 
nitrogen release and crop demand for nitrogen 

Ammonia and ammonium bicarbonate usually have 
higher nitrous oxide emissions per unit of applied ni 
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trogen than other common forms of fertilizer. Thus 
farmers can reduce nitrous oxide emissions by switch- 
ing from ammonia or ammonium bicarbonate to an- 
other form of fertilizer 

Soils that are very acidic— that is, those with a pH 
of 5 or lower— produce more nitrous oxide than other 
soils, land managers may want to consider liming such 
soils to decrease their ac idity However, liming also pro- 
duces CO ; emissions, and developers should consider 
those emissions when assessing a protect s viability. 

If the entire life cycle of agricultural production is 
considered, the CO, emissions that result trom manu- 
facturing nitrogen fertilizer are large However, if a 
farmer reduces use of nitrogen fertilizer, the fertilizer 
manufacturer sloes not necessarily make less fertil- 
izer. and emissions may not go down. Even if the emis- 
sions from manufacturing fertilizer decrease, this de- 
crease will show up in the emissions inventory of the 
fertilizer manufacturer. The farmer who uses less fertil- 
izer does not get to count the emission reduction of the 
fertilizer manufacturer unless the farmer and the fer- 
tilizer manufacturer have an agreement that the farmer 
will count the emission reduction and that the fertll 
1 ter manufacturer will not count that reduction. 

Reducing (he Frequency and Duration of Flooding 

Although the processes governing methane and ni- 
trous oxide emissions from sod are complex, those 
emissions result mostly from putt a few steps. Both pro- 
cesses require that soils he depleted of oxygen, which 
most often occurs in water saturated soils. In methane 
generation (or methanogenesis). soil microbes use car- 
bon compounds to produce energy under low -oxygen 
conditions, with methane as one output. Channels in 
the soil or plants can speedily transport methane from 
deep in the soil to the atmosphere. However, if the 
methane diffuses into high -oxygen mkrosites within 
the soil, oxidation can consume the methane before 
it is emitted to the atmosphere 7he balance between 
the production and oxidation of methane determines 
the net flow between the soil and the atmosphere. Ni- 
trous oxide production occurs during denit rifkat ton. 
In this process, soil microbes use carbon compounds 
to generate energy while consuming soil nitrate Ibis 
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process produces molecular nitrogen (N J and nitrous 
oxide (N 2 0). which diffuse through the soil and into 
the atmosphere. 

Mcthanogenesis and denitrification occur undcc 
different environmental conditions, but they share t wc 
characteristics. Both result from the activities of soil 
microbes, as affected by temperature, moisture. pH. 
and other environmental factors. In turn, a few ecolog 
teal conditions -climate, topography, soil properties, 
vegetation, and human activity— govern those envi- 
ronmental factors. A change in the ecological condi- 
tions can change the environmental factors and thus 
how much nitrous oxide and methane the soil emits. 
For example, intensive grazing can compact soil and 
limit water and air Bows, creating anaerobic condi- 
tions (which increases methane production) or pro- 
longing dry soil conditions (which increases methane 
consumption). 

A large proportion of methane emissions from soli 
Mem from rice paddies and wetlands Changing plant 
species or rice cultivars can reduce the amount of car- 
bon exuded by roots, which reduces the input avail- 
able for mcthanogenesis, significantly curbing meth- 
ane emissions. 7hc transport of methane from wetland 
soils to the atmosphere occur* mainly through plant 
stems and roots, particularly through gas filled tubes 
within those components. Land managers can reduce 
the transport and release of soil gases by replacing 
plant species or cuJttvars with others that do not have 
internal lubes that effectively transport gas.* For rice 
grower*, the greatest opportunity for reducing meth 
ane emissions entails switching from rice varieties thal 
need Hooding to upland varieties that are grown with 
out flooding. 

Reducing Emissions from Anaerobic 
Decomposition of Waste 

Landowners can often produce otfsets by switching 
from a manure -handling system that emit* high lev- 
els of GHGs to a system that emits low levels. Storing 
manure with limited aeration usually result* in anaero- 
bic decomposition, which produces methane. In con- 
trast. treating manure so it is thoroughly aerated al- 
lows aerobic decomposition, which generates very low 
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emissions. Coflvmion ol manure to methane ranges 
from nearly complete in anaerobic digesters to nearly 
nothing in intensive aerobsc digesters and daily spread- 
ing of residue on fields. A practice that produces large 
amounts of methane can have low emissions if it cap- 
tures a ml destroy s methane before it is released into the 
atmosphere. 

The Intergovernmental Panel on Climate Change 
has defined common manure management practices 
with higher methane production (from highest to low- 
est emissions): 

Anaerobk l a g ooet . Waste Is flushed with water to 
open ponds, where it is stored for more than a month, 
with or without the capture of methane or the use of 
water that remains after solids settle. 

Anaerobe digester. Solids are converted to methane 
with the help of a slurry of dung and urine, depending 
on temperature control, mixing, or pH management 
The resulting gas may be released, flared. or used to 
generate power. 

Liquid slurry. Dung and urine are transported and 
stored for months in liquid form, with water added as 
needed for handling, in tanks open to the atmosphere. 

Pit storage: Combined dung and urine are stored in 
vented pits below stalls. 

Deep Utter (cattle and swine): Dung and urine accu- 
mulate in stalls for long periods. 

Common nunu re- management practices with low 
methane production (from highest to lowest emissions) 
include the following 

Dry tot: In dry climates, litter is allowed to dry in 
stalls before it is removed 

• Pasture Waste from pastured or range animals is 
left where deposited and not managed. 

Poultry manure. Waste is collected in cages, with 
or without bedding 

-So/rd storage: Dung and urine are collected from 
stalls and stored for months, with or without 
drainage of liquid; this is followed by another use 
or disposal method. 

-Composting— extensive Waste is collected, piled, 
and turned regularly for aeration. 

-Daily spreading : Waste is collected daily from 
hams and spread on folds 


Composting— intent he. Waste is placed in a vessel 
or tunnd with forced aeration. 

-Aerobic treatment: Waste is collected as liquid and 
managed with forced aeration to allow nitrtfica 
i ton (the conversion of ammonium to nitrate) and 
denitrification.* 

Treatment produces large amounts of sludge, with the 
extent of methane emissions depending on how the 
sludge is managed.’ 0 

Table 3.1 show* the typical methane emissions from 
each practice. (The warming potential of nitrous oxide 
emissions from manure is usually small relative to that 
of CO, and methane emissions.) 

As mentioned earlier, landowners can take two ap- 
proaches to reducing greenhouse gas emissions from 
manure. One is lo switch from a high -emissions pro- 
cess to a low emissions process, such as from an anaero- 
bic system to daily spreading. The other approach is ta 
capture methane from a high -emissions system and 
bum it. When methane is burned, il produces C0 2 , 
which isa GHG with a lower warming effect than meth- 
ane. Although projects that capture and burn methane 
may raise the percentage of manure converted to meth- 
ane. burning destroys the methane and thus prevents ic 
from acting as a GHG. However, ibc collection system 
must be efficient; if more than a tiny proportion of the 
methane leaks into the atmosphere, net emissions may 
be greater than those from a low-emissions system. 

When methane is burned and converted to CC> 2 . 
emissions are the same as if the manure had decom- 
posed The carbon in methane comes from animal feed, 
which is usually plant material grown the year before 
the animal ate the feed. Because plants grow- by cap- 
turing atmospheric CO ; . burning the methane from 
manure simply returns that carbon to the atmosphere. 
Thus, the net offset is the difference between the warm- 
ing effect of the destroyed methane and the warming 
effect of the resulting C0 2 . 

Grow ing pressure to control odors a nd air pollut ion. 
combined with new rules limiting air and water pollu- 
tion, have spurred interest in lower-emissions systems 
for handling liquid manure. In particular, stricter lim- 
its on water and air pollution have prompted opera- 
tors of confined animal feed ing opera! tons (CAFOs) ta 
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Table 1.1 Methane Product**! from Different Systems for Managing Manure under Different Temperature* 


System 

Percent of potential 
CH 4 production 
achieved, cool 

Percent of potential 
CH 4 production 
achieved. temperale 

Percent of potential 
CH, production 
achieved, warm 

| 

Noses 

Pasture 

a m 

0015 

OKU 


Daily spread 

0.001 

0005 

AM 


Deep liner 

0 

• 

AS 

Castle & swine; 
storage < ! month 

IVty Intel 

AM 

MS 

0l?2 

Storage > 1 month 

Itoukiy 

urns 

0015 

0015 


Ml »or«ft 

AM 

o* 

A0] 


Dry lot 

a oi 

0015 

1X05 


N> 

• 

0 

« J 

Storage < 1 month 

5 

AM 

MS 

A72 

Storage > 1 month 

liquid flurry 

!» 



072 

— ----- J 


I Anaerobic lagoon 0-1 

| _ L — 

Anaerobic digester I O-l 


0-1 


0-t 

0-1 


of CH 4 capture & 
' destruction 

Depend* on rate 
ofCH 4 capture «t 
; destruction 


(impost uig- 
| extensive 

0005 

oot 

0015 

1 

1 Composting 
' Intenstsv 

0005 

i 

0005 

0005 


Acrobat 

, 0001 

0001 

| 0001 

r ~ 1 


Noiey Cool u defined as an average annual temperature less than I5*C; warm is defined as an average annual temperature 
greater than 25*C; and temperate is defined as an avrrage annual temperature between warm aod cod. CH 4 production is 
the proportion of carbon input that is convened to CH 4 
Source- IPCC 2000. 


adopt new ways oftreating large, concent rated amounts 
of manure. A single operation that houses over a thou- 
sand cows or tens of thousands of chickens can pro- 
duce tensol thousands of tons of manure -and ngnifi 
cant quantities of GHG emissions— each year. 

Feed for confined animal* is usually grown far from 
the CAFO. and animals that eat shipped in feed usu- 
ally produce far more manure than nearby lands can 
absorb. Farm managers often with to avoid the signifi- 


cant transportation cost* of returning untreated ma- 
nure to the fields that grew the feed. Anaerobic diges- 
tion of manure dramatically reduces the volume of 
material that must be transported. Digesters can also 
reduce odors and water and air pollution in lagoon* 
used to store manure. 

Anaerobic digester* maximize methane produc- 
tion by storing and processing liquid manure under 
low oxygen conditions and by providing warm condi- 
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Table J.2 TV Potent tat of Und -Management Option* to Create Offset* 


Activity 

Tons per acre 

over lime Coat per son 

Tola] U.S. supply 
of offsets at 
moderate con 

Increasing carbon stored 
ns existing forests 

Moderate j High 



Low 

Decreasing carbon lost 
from forests 

High 1 Moderate 

Low* 

Afforestation 

Increasing sod carbon 

low 

low I Low bo moderate 

High 

°r J 

Reducing fuel use 

Low Low 

Low* Moderate? i 

Reducing emissions from 
nitrogen fertilizer 

Low | Low 

Low* MoJcnlr' 

' 

Changing waste 
management 

High* | Low* 

High on some sires ^ Low to moderate 

Moderate? 

Modcr.lv' High’ 


Notts- Afiornialton entails establishing tree* on lands where they do not currently exist. Retort station, in contrast, refers 
to reestablishing tree* on tiles where they were recently removed by harvest or another disturbance. No specifec length of 
lime separates affuecsutlon and reforestation However, under the Kyoto Protocol, afforestation refers to lands that have 
not been forested for at least 30 yrars. Eligibility for GHG credits from reforestation ti limited to lands that did not have 
ireei as of December 34. 1980. 


lions that speed the metabolic activity of bacteria that 
digest manure However, rather than releasing this 
methane to the atmosphere, farmers can capture and 
bum it. converting the methane to CO, and poten- 
tially producing offsets. (A properly managed anaero- 
bic digester can also avoid releasing ammonia, which 
becomes an air pollutant in high concent rat ions.) This 
approach ts particularly promising for producing off 
sets because use of such digesters U not yet the stan- 
dard approach to manure management. Ihe methane 
produced by a digester can be burned in a Dare, or it 
can be cleaned, dried, and burned in a generator to 
produce electricity. 

As the cost of digesters falls, prices for electricity 
and offsets rise, and limits on air and water pollution 
become more stringent, more U.S. farmers may gain 
by converting wet. open systems for handling manure 
(such as lagoons) to closed anaerobic digesters. Such a 
move can reduce emissions by up to 5 metric tons of 


CO,e per dairy cow each year and by up to 0.4 metric 
tons of C0 2 e per pig each year. 

The Bottom Line 

Ihe benefits of (IH(» mitigation projects must be greater 
than the costs. If project developers intend to create off 
sets for sale, that means revenues must be higher than 
costs, adjusted for risk. 

Boosting revenues requires producing targe amounts 
of offsets at low or moderate coat. Modest changes 
in land use do noc usually produce large amounts of 
offsets. Some land use changes can provide moder- 
ate amounts of offsets, but land managers arc likely to 
consider such changes significant shifts in how they 
do business, and thus they may be reluctant to pursue 
them (see Tahle 1 2 ) 

Converting open land to forest can generate several 
hundred tons of COjC of offsets per acre, usually over 
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several decades. Switching to contained manure can 
reduce GHG emission t by thousands of tons per farm 
per year. Yet afforestation and anaerobic digesters re* 
quire significant up front capital investments. Activi- 
ties that produce offsets at very tow cost may include 
reducing fuel use and changing the use of nitrogen 
fertilizer Land managers may also take inexpensive 
steps to increase soil carbon, though they may achieve 
annual offsets of only a ton of CO ; e or less per acre. 
Maintaining those offsets precludes later plowing or 
land development. Landowners mav regard these con* 


land* Management Options 

stramts on future options as a significant cost, even 
though the cash cost of sequestering the carbon may 
be low or negative. 

For offset projects to be financially viable, they must 
usually be compatible with the creation of the products 
that yielded the bulk of preproject revenues. Project de- 
velopers must carefully examine their production pro- 
cesses to see if a particular change in activities is com- 
patible with continuing to produce revenue from thetr 
lands. 
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Chapter 4 

Step 1: Scoping the Costs and 
Benefits of a Proposed Project 


Before committing to a project, developer* will want 
reasonable assurance that it can provide enough offsets 
to justify the probable costs. To develop that assurance, 
developers must "scope’ the project. 

Scoping requires following the same basic steps as 
those used to actually quantify a project s offsets. How- 
ever. the procedures are less rigorous in the scoping 
phase and therefore far less resource intensive. These 
steps include: 

- Assessing additionality and the baseline. 
Estimating the likely changes in GHG emissions 
and carbon stocks on project lands, including 
inadvertent emissions from the project's land 
management activities. 

•Calculating the net GHG benefits from the project 
{the difference between the project's changes in 
both GHG emissions and carbon stocks and the 
baseline). 

- Estimating leakage from the project. 

- Estimating the GHG offsets that the project can 
produce, expressed as tons of C0 3 e. 

The scoping process should also assess the uncer- 
tainty in the amount of offsets estimated for the proj- 
ect {see Appendix 3). If this uncertainty b large, de- 
veloper* face considerable risk that the project will not 
produce the expected offsets. Risk is one element that 
project developers will want to consider when deciding 
whether to proceed 

Developers also care about the timing of offsets, so 


scoping should estimate the tons a project will produce 
in each accounting period throughout its life. For ex- 
ample. if demand for offsets in the next year is likely 
to he Urge because potential buyers must meet spec the 
emissions caps, a project that delivers offsets in 10 years 
may not be satisfactory regardless of the offsets price* 
or certainty. 

If initul estimate* show that a project is likely to cre- 
ate GHG offsets, developers can then estimate the proj- 
ect's costs and net financial return. If these analyses re- 
veal barriers (such as that one component of the project 
is very costly or has a high risk of falling), developers 
may revise the project's design and then scope it again. 
Developers may also use scoping to compare multiple 
project scenarios and to consider potential shortfalls or 
windfalls in the projected amount of offsets. Taken to- 
gether. this information enables each potential partici- 
pant to decide wise! her a project is worth pursuing, ami 
it serves as a basis for negotiating commitments to exe- 
cute the project and distribute it* benefit* among the 
participants. 

Assessing Additionality and the Baseline 

The first step* in the scoping exercise are to assess a 
project's additionality and its baseline. Additionality 
ensures that the project's approach is a true departure 
from business as usual so that the offsets claimed for 
the project are in fact real The baseline is composed of 
the emissions and changes in carbon stocks that would 
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have occurred in the absence of the project Recall that 
developers subtract the baseline from the changes in 
emissions and carbon stocks they actually achieve on 
project lands to determine the project s net GHG bene- 
fits. The principles used to assess additionality and es- 
timate a baseline during scoping arc the same as those 
used to establish additionality and quantify an actual 
basdtne while implementing the project (see Chapter 
5k We recommend a method known as proportional 
additionality, which considers additionality and the 
baseline simultaneously, so that the offsets credited to 
a project arc proportional to the degree that the project 
is additional. 

Developers need to bear in mind that baseline emis 
sums and carbon stocks that actually occur during the 
project may differ substantially from those found at the 
t ime of scoping. For example, suppose an animal opera 
lion is now using an open lagoon to store manure and 
earlier monitoring or independent studies have shown 
lhai lagoons of that size and type emit 50 tons of meth- 
ane a month. A project developer wants to install an 
anaerobic digester, which would capture most of the 
methane and bum it in a flare, so the operation would 
emit only 2 tons of methane per month. The developer 
would initially assign a value of 50 tons per month to 
the baseline, and he or she would estimate a total of 
48 tons per month in net GHG benefit from the proj- 
ect. However, suppose that shortly after the project be- 
gins. new regulations require all such operations to gel 
rid of their open lagoons to protect nearby water sup- 
plies. Suppose the common approach to meeting the 
regulations leads to cmissaons of 40 tons of methane 
per month. Once the new regulation goes Into effect, 
the project developer would have to adjust the base 
line downward to 40 tons per month, and the net GHG 
benefit would fall to 38 tons per month. 

Forecasting Changes in Carbon Sinks 
and Greenhouse Gas Emissions 

Developers can usually estimate a project's net GHG 
emissions and changes in carbon stocks using either 
modeling or comparison sites, where practices that the 
project intends to employ are already in use. These tech- 
niques are usually different from those used to measure 


actual outcomes from a project. The former are used 
to project the amount of offsets based on anticipated 
conditions and results, whereas the latter reflect actual 
measurements and calculations made during and after 
the project. 

Forecasting Biomass Gains 
from Forestry Projects 

Scoping a forestry project requires projecting how- 
much extra carbon the trees will accumulate because- 
of the project and when the accumulation is likely to- 
occur. In principle, regional publications documenting, 
the average annual rate of forestry growth could pro- 
vide a quick and cheap way to estimate carbon gams 
from afforestation projects, which grow new forests on 
land, or from projects that extend rotation lengths on 
land that is already forested and regularly logged. To- 
be universally useful, such publications would need to- 
provide the amount of extra carbon stored in trees each 
year as a function of species; the age of the stand or the 
size of the trees, and other variables, such as site pro 
duclivity. management, and history. However, the few 
tables that have been published do not cover all forest 
types, growing conditions, and management practices, 
so project developers must often use other methods. 

One alternative Is to estimate gains in stored car- 
bon by consulting “benchmark* studies that forecast 
carbon uptake for sites with similar species, history, 
productivity, and management However, developers 
must consider bow project lands differ from compari- 
son lands and what those differences imply for project 
outcomes. A site where an old forest was recently clear- 
cut. for instance, will probably have large amounts oi 
woody debris and logging slash, which will decompose 
over time and add carbon to the soil. Thus a project that 
entails seeding and growing a forest on a site that has 
not been recently ciearcut will likely record a lower net 
increase ui carbon. Developers can make their scoping 
estimates more robust by comparing their site to other 
sites with both greater and lesser productivity. 

Some kinds of carbon stocks will not change sig- 
nificantly during a forestry project For example, the 
carbon gains in understory plants on sites that grow 
forests from bare ground will never be large relative la 



215 


Scoping the Costs and Benefits 


the carbon guru In the trees. Developers may find It 
cost effective to use a general estimate ol scqucsl ration 
in the small slock rather than making a more precise 
estimate or to ignore the potential carbon gain in the 
small stock completely. 

Developers may also use models to estimate the 
amount of carbon a tree-growing protect will seques- 
ter These models predict how trees in a single stand 
or multiple stands will grow, and they use equations 
to corner! the increase in biomass to amounts of car- 
bon, The simplest models predict bow a single stand 
will develop These models arc simple to run. but users 
must still select the inputs to drive them and assess the 
reasonableness of their predictions. Developers may 
choose to hire a consultant to do so. or they may ask 
the pro)ect's csentual quantifier lo perform the model 
calculations. 

Multistand models can help account for some chance 
occurrences, such as wildfire, if a project entails actively 
managing a forest with many stands. Running the 
model ihousands of times using probabilistic choices 
for whether a fire occurs or spreads provides a range 
of potential outcomes. However, such landscape simu- 
lations usually require a great steal ot knowledge, and 
their outputs are often of Italic value without real slata. 
Developers might use such models lo analyze likely re 
turns on substantial Investments, rather than to make 
initial estimates of whether projects ate feasible 

Models that predict only changes in the total volume 
of limber in a stand, rather than the number of trees 
of different sizes, are usually not suitable for predict 
ing carbon sequestration For example, models of tree 
growth often predict significantly higher changes in 
limber volume— and thus carbon sequestration— than 
observed in reality for old stands. Models that estimate 
forest conditions and carbon stocks over more than a 
century also base limited reliability, as small errors in 
estimates of tree growth or mortality can greatly in- 
Ihsrnce the results over lime. Expecting forest manag 
ers to pursue activities decades hence bated on a plan 
written today is unrealistic in any case. Very long-term 
modeling can help rank alternative strategies but can- 
not predict actual results. 


Estimating Cains in Soil Carbon 

Changes in soil carbon result from a complex interac- 
tion of climate, soil texture, topography, vegetation, 
soil disturbance, and history of all those factors. Be- 
cause of this complexity, no standard tables forecast 
the amount of carbon in soil stemming from changes 
in land management However, developers call use a 
variety of alternattse methods and preferably at least 
two. If the methods yield similar estimates, they are 
more likely lo be reliable, although their reliability may 
still be uncertain. 

Developers can use user-friendly and weil-tcsteil 
computer models to forecast changes in soil carbon re- 
sulting from changes in land management However, 
these models encompass only a limited range of tech- 
niques for managing lands If the history of project 
lands and anticipated project activities are similar to 
those available in the models, the models can provide 
reasonably sound estimates of the changes in carbon, 
stock lhai ihe project can achieve. If the lands and ac- 
tivities are not similar lo those in the models, then thr 
models arc of limited utility. 

Project developers can alio consult soil scientists at 
long term research sites and agricultural experiment 
stations. If ihe ty|w* of sites and land-management 
practices these scientists study correspond to thosc- 
anticipated foe the project. Ihe results can provide a 
benchmark for estimating the likely increase in carbon 
stocks on project lands from those activities 

If planned Land-management practices have been 
in use on a similar site for a number of years, a sim- 
ple comparison of soil carbon levels between that site 
and the project site can prove useful. For example, if a 
farmer plowed an adjacent field for decades and then 
switched to no-ltll cropping, any difference in carbon 
between that field ami the project site could Indicate 
the gain that might accrue from a project involving no- 
till farming 

Estimating Changes in Methane 
and Nitrous Oxide Emissions 

The approach to forecasting changes In methane and 
nitrous oxide emissions on project lands it similar to 
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that used to quantify actual changes in emissions dur- 
ing the project, except that scoping entails estimating 
rather than observing some site conditions. The steps 
in this process include specifying the baseline man- 
agement regime and the project regime and then com- 
paring the stream of emissions expected to result from 
each (see Chapter 9k 

Accounting for Emissions 
from Project Operations 

In estimating how many offsets a project will create, 
developers need to take into account the inadvertent 
GHG emissions their land- management activities may 
produce during a project. For example, almost all proj- 
ects produce fud emissions, and some produce nitrous 
oxide emissions from fertilizer use. 

Developers can start by- quickly estimating fuel 
emissions from activities such as preparing the site, ap- 
plying fertilizer, spreading manure on fields, thinning 
trees, and spraying from aircraft, as well as from the 
monitoring and verification activity itsdf. If total fuel 
use is large and varies substantially by activity, devel- 
opers should calculate foci emissions for each activity 
more precisely. 

F st i mates of fuel use for heavy equipment are based 
on the amount of fuel consumed per hour rather than 
miles per gallon Equipment operators should estimate 
the number of hours required to perform each proj- 
ect activity (pilots should include the time needed to 
ffy to and from the project location) and multiply the 
total number of hours by the amount of fud used per 
hour Developers can then find the tons of C0 2 e that 
the amount of fud would emit (for more on inadver- 
tent emissions, see Appendix 2k To estimate emissions 
from the use of additional fertilizer, developers can use 
standard equations (see Appendix 2 and Chapter 9). 
Developers can then use global warming potentials to 
convert N,0 emissions to CO,c (see Table 2.1). 

Manufacturing fertilizersproducessuhstantialGHG 
emissions because the process is energy intensive. How 
oer. because these emissions occur upstream from the 
project, devdopers do not have to include them when 
estimating the project’s emissions. Under a mandatory' 
emissions cap. those upstream emissions would count 


against allowances credited to the fertilizer manufac- 
turer. In an uncapped situation, the emissions could be 
seen as a kind of leakage (see below), and developers 
might need to subtract those emissions from the proj- 
ect's net benefits 

Predicting a Project's Leakage 

If a project reduces the amount of some good or reduces 
the amount of land in some use at a particular location, 
it may increase emissions elsewhere. Those emissions 
are referred to as leakage, and must be subtracted from 
the project's net GHG benefit. For example, if la ndown 
era plan to stop harvesting timber from a forest, they 
should estimate how much harvesting may occur dse- 
where as a result, along with the greenhouse emisssonv 
from such harvesting Similarly, if a project removes, 
land from cropping developers should estimate the 
amount of land elsewhere that is likely to he drawn intOi 
cropping in response to the project. The methods used, 
to estimate leakage in the scoping phase, involving eco- 
nomic tools and models, are similar to those used dur- 
ing the quantification phase (see Chapter 10). 

Intensifying production on project lands to sequester 
carbon can increase GHG emissions from some source* 
but should not cause leakage. For example, intenufying 
forest management generally means using more fuel, 
thus producing more operational cmiissoni However, 
such an approach should not increase emissions from 
other forests, and therefore it should not produce leak- 
age. On the other hand, intensified management can 
increase upstream emissions from manufacturing in- 
puts (such as fertilizer) or downstream emissions from 
the use of forest products. In a capped situation, devel- 
opers would not count those emissions as leakage be- 
cause they would not own or control them. However, in 
an uncapped situation, a developer could treat them as 
leakage 

Assessing Risk 

Scoping a project should include assessing risk— that is. 
the likelihood that some portion of the anticipated off- 
set v and financial returns will not materialize. Sources 
of risk include 
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- Poor counterparty performance: A project dcvd 
©per nuy not have the capacity to execute project 
activities or maintain project lands, especially if 
the project is planned to last decades. 

Production shortfall*: Even if participants do ex- 
actly what they plan, a project may generate fewer 
tons of offsets than expected, perhaps because of 
unanticipated weather, crop failures or disease. 
Are. or flooding. 

- Price changes Costs may be higher— or revenues 
lower— than anticipated. For projects with com- 
ponents priced In different currencies, the value 
of those currencies may fluctuate 

- Errors in baselines and leakage Estimates of base- 
lines and leakage may be too low. so a smaller 
proportion of GIKi benefits may count as offsets 

- Large uncertainties m calculated offsets Despite 
the best efforts, the methods used Ln the project 
may yield relatively large statistical uncertainty in 
the calculated offsets. 

- Faulty measurement and sampling : Poor design 
or execution of project measurements may mean 
that quantifiers fail to detect some carbon seques- 
tration or cuts in GHG emissions. 

-Regulatory uncertainty Regulators or verifiers 
could conceivably disqualify offsets. However, 
regulatory systems and good certification systems 
should have mechanisms for reducing this risk, 
requiring that developers receive preapproval foe 
their project design and their methods for quanti- 
fying their results. 

It is hard to overemphasize the fact that events may 
not transpire as planned For example, even if models 
of tree growth are accurate, the amount of carbon a 
forestry project sequesters can differ significantly from 
the estimated amount if some areas prove unsuitable 
for planting trees or if stands take longer than usual 
to become established. Developers should therefore es- 
timate high and low ranges of possible outcomes and 
base their risk assessment on the expected value, or the 
average value of all possible outcomes. 1 Of course, good 
information for projecting the likelihood of different 
outcomes is often not available, so such analyses may* 
be subjective. 


Scoping the Costs and Benefits 

Weighing the Bottom Line in Project Offsets 

Once developers complete the step* above, they can use 
Equations 4 1 and 4 2 to estimate the offsets they* expect 
a project to produce. 

Expected Offset - Net GHG Benefit * (I - L) Equation 4.1 

where Set GHG Benefit Is the GHG emission reduc- 
tion or increase in carbon stocks estimated from proj- 
ect activities, less the baseline land any proportional 
additionality), and L is leakage (expressed as a frac 
lion of the Set GHG Benefit). Developers can further 
refine the expected amount of offsets by factoring in 
risk aversion: 

Expected Offset (corrected for risk) * 

Expected Offset * (I - Risk) 
Equation 4.2 

w*here Risk is a weighted factor that accounts for events 
that might cause a project to fail to deliver some or all 
of the planned offsets, as well as for the anticipated 
level of uncertainty in the generated offsets. This fac- 
tor can be tailored to the specific inclinations of indi- 
vidual developers. Those who are risk averse would as- 
vign greater weight to possible negative outcomes, while 
nik seeking speculators might assign lesser weight to 
those outcomes. 

Evaluating a Project's Financial 
Costs and Returns 

After estimating the amount of offsets they expect a 
project to produce, developers need to estimate their 
cost per ton. as wdl as the net income the project will 
provide. Even if developers implement a project be- 
cause they believe In it. they need to estimate these fi- 
nancial costs and benefits to ensure that enough funds 
are available to complete it and that they will rrap as 
many offsets as possible for the money they spend. 

To estimate the costs of the land-management ac 
tivities they will employ*, project developers can rely 
on commercial software packages and other published 
materials. These estimates need to take into account a 
variety of indirect costs for maintenance and transac- 
tions. If such costs are greater than the value anticipated 



218 


Steps in Determining a Project's Offsets 


from the sale of the offsets, the project is probably not 
worth doing. Maintenance costs can include the costs 
of patrolling a project, managing animals, control- 
ling fire, and taking other protective actions, as well as 
property taxes- Transaction costs include the costs of 
organising a project, negotiating contracts, quantify 
ing and verifying results, obtaining official recognition 
of offset*, and transferring rights to offsets. Transac- 
tion costs can he greater than the value of the offsets 
that small projects generate. However, such cost* will 
tend to shrink dramatically as more offset projects oc- 
cur, and that is why developer* often find it useful to 
aggregate offsets from multiple project* into a single 
portfolio for marketing. 

Developers determine the cost of each ton of off- 
sets by dividing the project s total costs by the expected 
amount of offsets: 


Cost Per Ton 


Ex pec trd Cost 
Expected Offset* 


Equation 4 ) 


If the cost per ton obtained from Equation 4.3 is 
lower than the anticipated market value of the offset*, 
then the project has the potential to produce a net fi- 
nancial gain Determining whether the project is able 
to produce financial gain requires analyzing its level- 
led cost. 


Finding a Project’s Levelled Cost 

As noted, different projects produce costs and benefits 
at different times, making comparing project* difficult. 
Consider the following simple example. 

A buyer needs 10 tons of offsets and can purchase 
them today from a project that require* an investment 
of $NX> today. The buyer would be paying SIO per ion 
in today* money. Now suppose that the same buyer 
has the option of investing in another project; in this 
project, the buyer can receive 12 Ion* and pay only $90. 
However, the buyer would not receive the offset* until 
ihe tenth year of the project and must pay the costs in 
the third year. 

Which project entails the lowest cost per ton? Level- 
ixing. a technique for putting the costs and benefits of 
different alternatives into the same terms, can provide 
the answer If the levdized cost of one project is much 


higher than that of another project, project developer* 
and offset buyer* can obtain more mitigation for the 
money by choosing the latter. 

Developers and buyer* can use standard methods of 
financial analysis to quantify preference* for deferring 
costs until later and obtaining benefit* sooner That ap- 
proach. known as discounting, is like calculating inter- 
est, except that analysts move backward in time from 
the future to the present. That it. developers and buyers 
use discounting to find the value today, or the present 
value, of a payment that they must make or the income 
they might receive In the future. 

The first step is choosing a discount rate; differ- 
ent project participants will choose different rate*. 
I.ow rates might match interest rate* for very low risk 
bonds, such as U S. Treasury bills, whereas higher rates 
would reflect inflation or higher risk. Because the dis- 
count rate can have a large effect on the outcome, par- 
ticipant* would do well to use low. high, and mid-range 
discount rates and then compare the results. 

After choosing a discount rate, developer* and buy- 
ers can find the levelled cost of a ton of offset* by di- 
viding a project's discounted coils by its discounted 
benefttv The result provide* a hast* by which they can 
compare different projects. For example, the levellzed 
cost of offsets in the second scenario above— assuming 
an annualized discount rate of 6 percent would be 
$11.68 a ton. compared with just $10 a ton In the first 
scenario. Thus the latter option would be more attrac 
tivc (see Appendix 4 for more on how to obtain these- 
results). These calculations are easy to perform using a 
spreadsheet program or a pocket calculator with finan- 
cial functions. Because of compounding, even a mod 
est discount rate over a decade or more makes the pres- 
ent value of a future cost much less than today’s cost. 


Deciding Whether to Proceed 

These analytical processes can provide a great deal o£ 
useful information on the amount, timing, costs, ami 
net present value of offsets a project is likely to gener 
ate- Such analyse* may show that a project s expected 
return is modest relative to the risk or that the return is 
lower than investors require 

Prudent developers will also consider other factors 
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in scoping u potential project. Landowners, for exam 
pic, are often concerned about long term restrictions 
on the use of their land, as vrril as the net return from 
the current use of their land. For example, a contract 
for producing offsets could limit the extent of logging, 
which could defer or permanently limit revenue from 
wood products. An agricultural project could limit till 
age. reducing options for dealing with weeds, soil com- 
paction. and high level* of crop residue, which could 
threaten revenue from crops. If creating and maintain- 
ing offsets reduces landowners' income or flexibility, 
live payment they receive must be enough to offset 
that lost income and flexibility. Even if the gross rev- 
enue from creating offsets is high, the project may yield 
lower net revenue than an alternative use if the proj- 
ect's costs are high and the project prevents another 


Scoping the Costs and Benefits 

revenue-producing use. If a contract to produce off- 
sets obligates a landowner to deliver a certain number 
of tons of offset* rather than to pursue specific land- 
management practices, the landowner must also facto* 
in the cost of obtaining replacement offsets should the 
project fall short- 

offset projects may also create non financial ben- 
efits. such as promoting biodiversity and generating 
goodwill. Potential participants might therefore weigh 
a project s environmental and social benefits against its 
difficulty and expense. For example, farmers may ex- 
pect to reap only a small payment for storing carbon 
by switching from plowing to no till farming, but they 
may contract to do so because they judge no till farm- 
ing to be more sustainable 
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Chapter 5 

Step 2: Determining 
Additionality and Baselines 


To create offsets, a Undowner or project developer 
must show that a project has actually produced green- 
house benefits beyond those that would have occurred 
under business as usual (practices that landowners 
would Have pursued if the project had not occurred). 
Making such a determination is of course challenging, 
at it is difficult to know what might have happened if 
history had played out differently. Nevertheless, rea- 
sonably objective methods can be used to make that 
determination. 

Such an effort typically involve* two tasks. The first 
is to establish that a project is additional— that the 
land management practices if pursues represent a true 
departure from business as usual. Tbc second is to es- 
tablish the baseline the GHG emissions and changes 
in carbon stocks that would haw occurred on project 
lands If the practices had not been adopted To deter 
mine a project’s net benefits, quantifiers later subtract 
project emissions from baseline emissions (i.e. subtract 
baseline carbon stocks from carbon stocks recorded 
during the project). 

The method recommended here is based on pro- 
portwnal additionality. This approach treats addition- 
ality and the baseline simultaneously so that the offsets 
awarded to a project relied the proportion of the proj- 
ect that is additional. (For details on these steps beyond 
those in this chapter, see Appendices 5 and 6.) 

In contrast, many regulatory systems u*« categori- 
cal tests to establish additionality, including the Kyoto 
Protocol's Clean Development Mechanism (CDM), 


which allows developed countries to buy GHG offsets- 
from developing countries. If the project does not meet 
the additionality test, it is disallowed as an offset proj- 
ect. If the project does meet the test, analysts use a sec- 
ond step to establish a baseline. (See Appendix 5 for the 
processes used to establish categorical additionally 
Obviously in the case where existing regulatory and 
voluntary systems for reporting or limiting GHG emit 
non* exist, projects need to follow the requirements of 
those systems. 

Setting Baselines Using 
Proportional Additionality 

The fundamental concept underlying the recoin 
mended method for establishing additionality and set 
ting a baseline is that, in the absence of the project, 
project lands would have been managed Uke compa- 
rable lands in the region Thus outcomes on other lands 
provide the benchmark for measuring the GHG bene- 
fits. or offsets, produced by the project. This approach 
depends on identifying appropriate comparison lands 
and quantifying GHG fluxes and carbon stocks on 
those lands. 

The first step Is to identify lands that are comparable 
to project lands and representative of land -management, 
practices in the region The second step is to sec what 
happens on these comparison lands as the project pro 
ceeds The difference between the emivsionv ami vinkv 
on comparison lands and those on project lands rep 
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resents the GHG benefits that can count as onsets. For 
example, if comparison lands pain I too of carbon per 
acre and project lands gain 3 tom. 2 tom per acre may 
count as offsets. This method for calculating the base- 
line uses the proportion of the GHG benefits achieved 
by the prefect that exceeds any benefit achieved on 
comparison lands. 

Identifying Comparison Lands 

Project developers typscally select comparison lands 
after they decide to proceed with a project but before its 
land management activities begin. Comparison lands 
ideally resemble protect lands in their physical charac- 
teristics, including weather, soil, and topography. Land 
management practices on comparison lands at the out 
set of the project should also roughly mimic those used 
in the region so these lands can serve as a valid mea- 
sure of the degree to which the project exceeds busi- 
ness as usual. Changes in land -management practices 
on the comparison lands throughout the project period 
then represent the region as a whole The baseline GHG 
emissions or changes in carbon stock measured on the 
comparison lands dunng the project provide a continu- 
ous update of the project s additionality. 

An alternate approach is to choose comparison 
lands that are subject to the same uses and practices as 
the project lands before the project starts. Project de- 
velopers assess the fractional additionality of the prof 
ect at the outset and discount the GHG benefits they 
later achieve by this amount. For example, suppose a 
project plans to pursue no t 111 farming of small grains, 
and 40 percent of the farmers of small grains in the 
region already use no till farming. In this approach, 
project developers would discount the amount of GHG 
benefits the project achieves by 60 percent If the com- 
parison lands vhitt to no-till fanning during the proj 
ret. the baseline would reflect those changes. 

Field surveys of land cover on potential comparison 
sites can sometime* help identify the management ac- 
tivities on those lands. For example, the proportion of 
land covered by residue from an earlier crop alter a new 
crop is planted usually indicates the degree of tillage. 
However, project developers should try to choose com- 
parison lands based not just on land cover but also on 
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known management practices. 

Comparison lands should usually be near project 
lands to ensure that they have similar weather, topog- 
raphy. and ecology. Forestry regulations vary widely 
from state to state, so project developers would do well 
to choose comparison buds within the same state. If 
ecological conditions in an area vary greatly, develop 
ers should also choose comparison lands based on ele- 
vation, precipitation, soil type, and productivity. Many 
states tax resource lands according to their potential 
productivity, and official maps often include informa- 
tion on those attributes. However, project develop- 
ers need to keep in mind that comparison lands with 
similar productive capacities and subject to the same 
regulation* may face very different market opportuni- 
ties (including proximity to transportation, ow nership 
structure, and economic risk), and they should choose 
comparison lands accordingly. 

To avoid the cost of performing annual surveys Us 
determine changes in the uses of comparison lands 
dunng a project, developers should seek buds subject 
to an existing survey. Several such surveys are available- 
foe U.S. lands: 

-The National Resources Inventory of the U.S. 
Department of Agriculture (USDA) includes 
information on land use and land cover, crop 
history, and conservation practices for 800.000 
sites on federal land. Each site represents a larger 
land area. Although information is not up 
dated every year, the agency ts moving toward 
an annual inventory. (See http-jVwww.nrvs.usda. 
gov/technicaL/NRI/.) 

- USDA census data, collected on a five year in- 
terval (mostly since 1974). includes county level 
information on farm sue. livestock numbers, and 
crop acreage by irrigation status. (See http-J/www. 
nass. usda .gov/census/.) 

- The L’SDAs Forest Inventory and Analysts reports 
on forest cover, growth, mortality, tree removals, 
and general health for all forestbnd in the United 
States. The information, updated every* 5 to 10 
years. Is reported mostly at the state and county 
level to protect the confidentiality of landowners. 
(See http://fia.fs.fed us/.) 
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Purdue University's Conservation Technology 
Information Center provides annual information 
at the county level on tillage practices by crop. 
Analysts can use the information to determine 
the overall use of conservation tillage, but not the 
probability that land will change from one use to 
another over time. 'Ihat is because the data do not 
show whether specific land parcels remain subject 
to a given management practice from year to year. 
(See http-J/ct»c. purdue.edu/CTIOCRM.html.) 

-The National Land Cover Mapping of the U.S. 
Geological Survey shows 21 classes of land cover 
at the 30- square -meter scale, based on saldlite 
imagery from the LandSai '1 hematic Mapper in 
1992 and 1999 (See http-y/edc.usgs gov/geodataA) 

If information on specific uses of comparison lands 
is not available, project developer* may have to rely oo 
general categories of land use (such as annual crops 
versus pasture, rather than variations in tillage prac- 
tices used to cultivate annual crops). However, that ap- 
proach may increase the risk that comparison lands will 
differ from project lands in some unmeasured way. 

Determining Baseline Emissions 
and Sequestration 

A robust approach to establishing baseline GHG emts 
s*ons and carbon stocks on comparison lands is to em 
ploy the tame method used to quantify emissions and 
stocks on project lands— and to do it over the same 
time period. For example, quantifiers for a project that 
aims to sequester carbon in soil could directly sample 
carbon stocks on comparison lands, as that is the ap- 
proach they will use to measure carbon gains on proj- 
ect lands. However, gaining access to comparison lands 
to make such measurements is difficult. To circumvent 
that problem, developers can set aside a small fraction 
of project lands or facilities where they do not imple 
ment project activities. They can then use these par- 
ticular lands to help characterize baseline GHG emis- 
sions and sequestration. Still, even this will not suffice 
if land- management practices on comparison lands 
change during the project period or if the region has an 
array of practices (see the next section) 


Cost can be an even bigger impediment than ac- 
cess to comparison lands in establishing baseline GHG 
emissions and carbon stocks because these lands can 
include an array of land -management practices. Deter- 
mining the baselines may then be more costly because 
measuring changes in emissions and stocks may re- 
quire taking more field samples and even uung strati- 
fied sampling (see Appendix 21) 

To avoid the challenges of taking field samples on 
comparison lands, some carbon-trading systems may 
allow quantifiers to use very limited information on 
conditions and practices on those lands, along with 
other information or models, to estimate a baseline. 
For example. Birdtey and lewis (2003) employ* models 
to calculate trends in stocks of forest carbon in each 
state, which quantifiers could use to establish base- 
lines for forest projects. The Intergovernmental Panel 
on Climate Change provides default emissions rates a« 
a function of land-management practices for methane 
proyects. The USDA's Natural Resources Conservation 
Service offers the COMET VR tool that estimate* soil 
carbon stock change for selected cropping practices in 
the U.S that could be used to establish project base- 
lines for soil carbon projects In another approach, the 
L’SDA or the U.S. Forest Service could periodically 
(perhaps every 5 or 10 years) publish default baselines; 
for various types of offset projects as a function of their 
location and topography 

Although such information and models provide a 
relatively inexpensive and convenient way to estimate 
baselines, they will generally* be less accurate than di- 
rect sampling of comparison lands. The carbon -trading 
system or offset buyer will determine whether less ex- 
pensive but less accurate methods are acceptable. Even 
in trading systems that do not require sampling to es- 
tablnh a baseline, savvy buyers may inusi that analyst* 
use robust methods. The resulting offsets should bring 
a higher price than those with baselines based on less 
accurate methods, and project developers may decide 
that the higher price justifies the extra costs. 

Quantifiers must express baselines in the same units 
they use to express changes in GHG emissions or car- 
bon stocks on project lands. For example, if they ex- 
press project cm issions and stocks as total tons of C0 2 c, 
and they first cakulate the baseline as tons of CO^e pec 
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acre or per unit, they must multiply the baseline by the 
number of acres or units encompassed by the protect. 

If the project involves emissions cuts, then quantifi 
ers subtract baseline emissions from project emissions 
to obtain the net GHG benefit. If the project involves 
sequestration, then quantifiers subtract baseline carbon 
stocks from project carbon stocks. Quantifiers then ad 
just this net greenhouse benefit for leakage (see Chap- 
ter 10). Once ownership is established and the benefit it 
verified, it may count as offsets and be marketed. 

Timing is another issue. A project is typically di- 
vided into accounting periods during whkh offsets are 
calculated and marketed- For example, a project that 
lasts 10 years could establish 10 one-year accounting 
periods. Quantifiers mutt determine the baseline for 
each accounting period 

Accounting for Changing Baselines over Time 

In practice. GHG emissiont and sequestration rates for 
a given tract of land can change as a result of chang 
ing environmental conditions and management prac- 
tices. For example, low crop prices can prompt farm 
ert to abandon agriculture on marginal comparison 
lands, and the cessation of plowing and reestablish- 
ment of woody vegetation can boost soil carbon stocks. 
A baseline can change even when the mix of activities 
on comparison Lands does not For example, intensified 
logging on comparison lands can lower stocks of bio- 
mass carbon, or better livestock management can help 
restore riparian conditions, which can increase woody 
biomass and thus soil carbon. Project developers and 
quantifiers must therefore analyze both changes »n use 
and site dynamics, including climate variability, on 
comparison lands during the project to construct relia- 
ble baselines. 

Figure 5.1 shows how such changes can influence 
the amount of offsets an emissions abatement project 
creates. The project is divided into 12 accounting pe- 
riods for which quantifiers calculate offsets During 
the first five periods, comparison lands emit 35 tons of 
GHG*. However, by the lost accounting period, emiv 
wons drop to just over 25 tons. Thus baseline emissions 
vary from 35 to about 26 tons over the course of the 
prefect 


Determining Additionality and Baselines 

Like emissions from comparison lands, emission* 
from project lands can also change for reasons beyond 
the control of project developers, and developers must 
similarly account for these changes. In Figure 5.1. emit - 
sions from project lands initially fall from 35 tons tu 
about 22 tons during accounting periods 7 and 8. and 
then they rise to about 26 tons by the end of the proj- 
ect. The ncl GHG benefit for any given accounting pe- 
riod (before accounting for leakage) is the difference 
between baseline and project emissions In this ex- 
ample. net mitigation on a per acre basis is zero in the 
first accounting period, then peaks at just over 10 tons 
during accounting periods 5 and 6, and then declines 
to zero during the last accounting period. Quantifiers 
would find the net amount of offsets by multiplying the 
pcr-acrc GHG benefit by the number of acres in the 
project. 

Accounting for Variable Land- 
Management Practices 

A further complication in determining baselines arise* 
from the fact that comparison lands are often subject 
to several land -management practices. In such cases, 
quantifiers determine the baseline by calculating the 
"weighted average" of the changes in emissions or car- 
bon stocks from each land-management practice. The 
equation for doing so is 

— Equation*.! 

where B ^ is the average baseline emissions or sink pec 
unit area. £ is the sum of all uses i applied to compari- 
son lands (from use I to use/), r, Is the emissions or sink 
per unit area for each use i. area t is the area in use i. 
arra tntmi ** lot *l comparison area, and / a t is the frac- 
tion of the total comparison area in use i That is. 

fa * * fCa ^ equation 5.2 

For example, consider a project involving no till farm- 
ing that has chosen 100 acres of comparison lands. Dur- 
ing a given accounting period. 20 acres (or 20 percent} 
of comparison lands are also in no-till cropping, while 
the remaining 80 acres (or 80 percent) use standard till- 




figure $.1 How change* in baseline and project emissions a if ret the ton* of CO,r that a 
pro feet create* The mitigation or net greenhouse benefit from a project is the difference 
between the hisetinr and project cmituon* Because both type* of emission* can change 
over time, both muit be tracked om each accounting period. In this figure we show bow 
emission* might change for a project that is divided into I? accounting period* 


Ing No-till cropping boosts carbon stock* b>‘ 03 tom 
per acre during the accounting period, while tilling •*» 
questers 0.1 ton* per acre. In this case, the hateline in- 
create in carbon stocks per acre it 


M ^ „ton* ^ „ , ton* ^, A tom 

B a *0.2x 03 *08*0 l *0.18 


If project lands are all subject to no-till farming and se- 
quester Q $ torn of carbon per acre, the net GHG bene- 
fit during each accounting period equals 0.32 tout per 
acre (03 tons per acre - 0 18 tons per acre). 

When comparison lands arc subject to several differ- 
ent management practices, these calculations become 
move arduous, and a spreadsheet can make calculating 


the weighted average much easier. Table Scl provides a 
template for such a spreadsheet applied to our umplr 
no-lllt/tiil example. 

A not her complkal sou arises 1 rom t he possibility that 
uaes and management practices on comparison lands 
can change during the project period. Because dcvrl- 
opers choose comparison lands to rcffcct what happens 
under business- as- usual circumstances, establishing a 
baseline requires them to track all changes in the use of 
comparison lands and to analyze the impact on GHG 
emissions or carbon stocks. In principle, they can do 
this by documenting uses and management practices 
on comparison lands for each accounting period, as 
wdl as changes in emissions or carbon stocks on these 
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Table 5.1 template foe a Spreadsheet to Calculate a Weighted- Average Baseline for Multiple Uses 
in the No-Tlll/Till Example 


Land-use 

type 

A», 

Fractional com on 
comparison lands 

C sequestration for land-use type 
over penod (tom/acre) 

Fractional contribution to C 
sequestration on comparison lands 
(tons/acrv) 

. No till 

0.2 

0.5 

0.1 

tid 

0A 

•* 

OXM 

B 4 • Total Baseline 

• Total of fractional contnbatiom - 

0.1ft tons per acre 


lands (using Equation 5.1 to calculate However, de- 
velopers arc sometimes unable to track management 
practice* on comparison lands during each account- 
ing period— perhaps they can determine them only at 
the beginning and end of the project In that case, they 
must estimate the impact of changes in activities on 
comparison lands for each accounting period using the 
periodic transition rates in Appendix 6. 

Establishing a project baseline poses a number of chal- 
lenges for developers and quantifiers, but doing so is 
essential to creating real and accurate offsets. In most 
cases, regulatory agencies and offset brokers and buy- 


ers will insist on a transparent process for developing 
a baseline so they can independently verify its rigor. 
Project developers and quantifiers should therefore 
give careful thought to how they will address addi 
tionality and the baseline during the scoping process, 
and then they should scrupulously follow their chosen 
method throughout the project The most robust ap- 
proach is to choose comparison lands with properties 
like those of project lands but that are subject to man- 
agement practices at the start of the project that repre- 
sent the region. The baseline is then the rates of GHG 
emissions and carbon sequestration observed on these 
comparison lands. 
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Chapter 6 

Step 3: Quantifying the Carbon 
Sequestered in Forests 


Forests represent significant reservoirs of carbon cap- 
tured from the atmosphere through photosynthesis. If 
released from forests, this carbon would largely con- 
vert back into atmospheric COj. Reforestation— the 
process of shifting previously forested lands that had 
Seen converted to other uses to stands of growing trees 
through natural regeneration or planting 1 — sequesters 
carbon from the atmosphere and thus produces GHG 
benefits. 

lhe amount of carbon stored in forests depends on 
their type, as well as the climatic conditions and man- 
agement practices to which they are subjected. How- 
ever. patterns of sequestration are similar among dif- 
ferent type* ot forests (see Figure 6.1) Shortly after a 
dear cut or fire, when new trees are relatively young 
and small, sequestration rates are low. After trees grow 
to the point where they fully occupy the canopy, the 
rate of sequestration rises and continues at a high rate 
for several year*. In many forests, this period of rapid 
accumulation of carbon persists for several decades. 
As the trees mature, annual growth and sequestration 
slow, hut the cumulative amount of stored carbon is 
substantial. In very old forests, the amount of carbon 
in the stand may continue to increase slowly or may 
decline. In very old forests, tree death can cause large 
trees to become widely spaced, reducing the total car- 
bon stock of the forest, lhe carbon stock in mineral soil 
and the forest floor can continue to increase as a result 
of annual litter inputs and the decomposition of woody 
debris. Overall carbon stocks can decline, however, if 


succession produces a shift to species in which individ- 
ual trees do not grow as large. 

Because of these complex changes in carbon ac- 
cumulation. a well-designed system for sampling for- 
est biomass is critical to an offset project. 3 Developer! 
must be able to accurately measure carbon sequestra- 
tion without Incurring prohibitively high costs. lhi« 
is especially important because forest projects usually 
last for decades. 

Sampling designs for forest projects must therefore 
be: 

- Accurate and repeatable over long periods of 
time. 

Adaptable to unforeseen circumstances, such as 
wildfires, forest management changes, and the 
addition or removal of lands from a project. 

As simple as possible to allow outsiders to atulil 
results. 

This chapter describes an approach for quantify- 
ing sequestration that is designed to reduce variability, 
control coats, and delect much of the sequestration a 
project achieves. This approach U based on extensive 
experience in measuring changes in forest carbon aiu! 
entails the following steps; 

- Designing a forest sampling system that is robust 
with respect to the different locations of carbon 
accumulation. 



227 


Carbon Sequestered in Forests 



Figure 6.1 Growth in total above- and below-ground forest carbon stock, after planting land 
previously in non- forest cover. This includes carbon associated with live and dead woody material 
bsil excludes carbon in the mineral soil. Ihe total amount of carbon stored in forests depends on 
their type, as well as the climatic conditions and management practices to whkh they are subjected 
However, the basic patterns of sequestration tend to be similar. 

Nirtr Calculated from amounts reported in U S. Department of Energy 2000 1 hectare • 2,47 acres. 


Conducting initial field measurements of the dif 
ferent sites of carbon stocks in a forest. 

-Selecting allometrk equations for converting held 
measurements into carbon mass, or developing 
new ones. 

Taking subsequent field measurements to deter- 
mine changes in carbon stocks over time 

Crucial aspects of this approach include performing 
unbiased sampling, choosing an adequate number of 
sampling sites. and deciding whether and how to strat- 
ify sampling across a site (See Appendix 2 for more on 
sampling, and tee Appendices 7-15 for more details on 
the steps described In this chapter.) 

Quantifiers must perform the steps listed correctly 
when the project is established, the first time, as they 
cannot go back in time and redo them. They should re- 


peat quantitative field measurements every fixe or M> 
years, relying on annual qualitative or quantitative ob- 
servations in intervening years to determine whether 
a project Is proceeding according to plan and to take 
remedial action, if needed As with other projects, de- 
velopers should aim to detect net catbon sequestration 
with an uncertainty of 10 percent at a 90 percent con- 
fidence level, as the potential benefits of greater accu- 
racy are generally not worth the added coat (see Ap- 
pendix 3).‘ 

To ensure that us system for quantifying carbon is. 
accurate but not overly costly, a forest project should 
encompass at least several hundred hectares and gen- 
erate at least 100.000 tons of CO : equivalent in offsets. 
Project developers with smaller areas, or who seek to 
generate fewer offsets, should consider combining their 
lands with other parcels 
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Dividing a Forest into Carbon Pools 
and Using Subplots 

A forest project s plan for sampling carbon stocks in 
the field must evaluate all types of biomass. 4 including 
hve trees, shrubs and seedlings, standing dead trees, 
clowned woody debris, the forest floor, and possibly 
mineral soil. Quantifiers will track these carbon pooh 
separately throughout the project. Remotely sensed im- 
agery can provide a helpful guide in locating the vari- 
ous types of pools present on a protect’s lands (see side- 
bar). Ifquanti lien conclude. based on existing scientific 
knowledge, that a particular pool will not lose or gain a 
significant amount of carbon, they may remove it from 
the sampling plan, but comprehensive field measure- 


ments will be far more persuasive to independent veri- 
fiers and potential buyers. Quantifiers should certainly 
measure pools that arc likely to lose carbon, to avoid 
accusations that their analysis is biased (Sec Appen- 
dix 7 for more on carbon pools.) Attention should also 
be paid to deciding whether mineral soil carbon stocks 
should be measured. Scientific knowledge should be 
used to predict whether project activities have a signifi- 
cant chance of causing a decrease in mineral soil car- 
bon If so. mineral soil carbon should be measured (see 
Chapter 7 for methods for measuring change in min- 
eral soil carbon stocks). 

To measure (nomas* carbon, field trews first cre- 
ate an adequate number of unbiased located sampling 
sites, or plots ' Then, within each plot, field crews lo- 


i Using Imagery to Design a 
Carbon -Sampling Program 

In all but the simplest projects that aim to seques- 
ter carbon in forests or soil, detailed remotely sensed 
imagery provides key information for designing and 
executing an efficient system for measuring changes 
in carbon stocks. Images can help delineate the proj- 
ect area, define the extent of project activities, and 
group similar areas together, thereby increasing the 
precision of measurements of carbon sequestration. 

Several type* of remotely sensed images are 
available: 

-Otthophatos (In either hard copy or digital for- 
mat). Orthophotos provide the best tradeoff be- 
tween high resolution, timeliness, and limited 
cost. Orthophotos have a uniform scale because 
they correct for parallax, enabling quantifiers 
to calculate the sire of area* subject to specific 
activities. Orthophotos also typically show Lati- 
tude and longitude coordinate* or state plane 
coordinate*. Such geortfert nting allows quan- 
tifier* to calculate the coordinates of specific lo- 
cations and then use a handheld CPS receiver to 
travel to those locations on the ground, or vice 
versa. 

Aerial photograph*. Standard aerial photo- 
graph* taken on 9-inch-squarc negative* have 
high resolution and can help reseat which areas 


are alike and which are different. Such photos 
arc available for most of the United States, start 
ing in the late 1930s. 

- High resolution satellite images Satellite imag- 
ery come* in very different levels of resolution, 
many of which are too coarse for use in quanti 
tying carbon sequestration, and it is often very 
costly. Analyzing such images require more 
skill and software than do aerial photo*. The 
ability to automate analysis make* satellite im 
ages a very useful tool for use in larger projects. 
However, because they are taken on a weekly to 
monthly basts, satellite images are much more 
likely to capture a project closer to its start 
date than aerial photo*. Such image* are useful 
in tracking land-use changes (such as dkstin 
guishing annual cropping from pasture, forest, 
and development) or in recording wind or fire 
disturbance. 

Maps are an alternative source of spatial data that 
can help users document the general location and. 
sometime*, the sizes of land parcels enrolled in a car- 
bon sequestration project. Seldom can administrative/ 
ownership boundaries be inferred from maps, unless 
they were created for this purpose. Maps must be de- 
tailed enough to show land attribute* such as eleva- 
tions. streams, toads, and administrative boundar- 
ies; wales coarser than 1-25.000 are of limited use 
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Fcgur* 6.2 Recommended design of a fores* ploL Measuring carbon stocks in the field requires 
evaluating all types of biomass, including live trees, throbs and seedlings, standing dead trees, downed 
woody debris, the forest floor, and possibly mineral toil Here wr illustrate the design of a forest pUrt to 
do this If the project encompasses areas where litter or soil O hot Iron rtUts or can accumulate, this 
horiron should also be measured A project may also choose to measure carbon in mineral soil. See the 
chapter on measuring toil carbon for methods of quantifying changes in amounts of carbon in these 
pools. 

Note- DBH - diameter at breast height, typically defined at the point 1J or IJ7 m above the ground 


cate several circular subplots— ooc for each type of bio- 
mass. or carbon pool— around a tingle point known as 
the plot center (see Figure 6 J) .• Crews then make mea- 
surements specified in the field protocol of the moni- 
toring plan. They then measure woody debris along 
perpendicular lines that extend in each cardinal direc- 
tion from the plot center because such debris can be 
affected by trampling. (If the propel expects to store a 


large proportion of carbon in woody debris, quantifiers 
may want to extend the length of those transects.) Cal- 
culating carbon stocks accurately requires determin- 
ing whether plants (or other materials being measured) 
near plot boundaries are in or out of the plot, which 
necessitates establishing plot boundaries precisely and 
accurately. 

Quantifiers should sire plots to measure larger trees 
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precisely (larger trees generally being greater than 15 
cm dbh in most forests or greater than 10 cm in diame- 
ter at breast height (dbh) in forests with smaller trees), 
as they will sequester the most carbon in most pro) 
ccts. Experience has shown that plots with as few as 
four trees can provide an accurate and precise sample 
of tlie amount of carbon a project is sequestering, even 
if tree sire varies. However, large trees are more widely 
spaced than small trees, so quantifiers will need larger 
plots to precisely sample them. If a project U designed 
to grow a mature forest, and such a forest includes at 
least 40 large trees per hectare, a 0.1-hectarc plot would 
probably be efficient Trees in a natural forest are of- 
ten located in clumps and at a density of 40 trres/ha. 
Ihis dumpiness means that a 0.1-hectare plot would 
have a probability of less than 0.5 of actually encom- 
passing four trees. However, in most forests (not wood- 
lands savannahs), the density of moderate and large 
trees is usually greater than 100 trees/ ha. and even with 
a clumpy distribution of trees, a 0.1 hectare plot would 
usually encompass at least four moderate- or Urge- sire 
trees. If a project encompasses more than 1.000 small 
trees per hectare. 0.02 hectare plots might work, as 
they would average five evenly spaced trees. If few trees 
will ever get larger than the small sire category, it may 
require only a little more effort to make the plots a bit 
bigger. Having more trees per plot would substantially 
increase precision. However, if the project is expected 
to grow larger trees, it may not be worth any additional 
effort to get a more precise measurement of the carbon 
slocks in small trees. Somewhat larger plots might be 
efficient for sparsely vegetated woodlands or natural, 
spatially heterogeneous forests 

Statislicians often maintain that many small plots 
provide greater statistical power than fewer Urge plots, 
given a homogeneous population of objects being mea- 
sured. However, in practice, maximixing statistical 
power for a given cost usually means establishing more 
large plots. Ihis is because the cosi of traveling from 
one plot to the next can be substantial. Spending that 
effort on measuring larger plots instead of a greater 
number of plots can yield greater precisian. For exam 
pie. in Table 6.1, travel time between plot centers would 
have to be just less than four minutes to drop the cost 
of establishing and measuring 0.01 hectare plots be- 
low the cost of measuring 0.1-bectare plots. Ihis short 


travel time U not feasible for widely spaced plots or lor 
those located on noncontiguous parcels. Note also that 
the time to travel between plots would have to fall to 
just over one minute for OiOOl hectare plots to become 
more cost-effective than 0.01 hectare plots 

Ihe effort and expense of measuring each carbon 
pool should be commensurate with the amount of car- 
bon it is expected to sequester over the course of the 
project. Relatively imprecise measurements of pools 
with small changes in carbon stocks will have little im- 
pact on the precision of the overall measurement. 

Consider a hypothetical project that expects to se- 
quester 100.000 tons of carbon. Suppose this forest, 
stores carbon in large and small trees only, the large 
trees arc expected to store 90,000 tons of CO ; e. and the 
small trees are expected to store 10,000 tons of C0 2 e. 
Because quantifiers expect the large-tree pool to con 
lain roughly 90 percent of the sequestration, they 
should devote roughly 90 percent of the sampling ef- 
fort to that pool. 

Similarly, because the forest floor usually does not: 
gain much carbon in most forest ecosystems, quanti- 
sers may choose inexpensive methods to measure it. 
even if they are not very precise. For example, crews- 
could measure the combined thickness of duff and lit- 
ter 7 at one specified point on each plot Then the den- 
sity of the litter and duff could be used to esiimale the 
forest floor mass on each plot.* However, the litter and 
duff density should be measured for each project, tak- 
ing into account that it can vary significantly from sea- 
son to season. If a project may have a change in the for- 
est Door carbon stock that is a substantial fraction ofl 
the total carbon stock change within the project area. ie 
Is strongly recommended that forest-floor mass be dl 
rectly measured by weighing material collected on sub- 
plots of fixed sue. not inferred from thickness. 

Quantifiers may decide to stratify a carbon pool 
across a project area or across physical characteristics 
to decrease variability. If there U a known difference 
in the physiographic characteristics (e g soil drainage, 
soil parent material, and forest composition) it Is useful 
to stratify the project area by these variables and calcu- 
late the carbon stocks independently for each stratum. 
This approach reduces the total uncertainty in the fi- 
nal slock estimates with no additional sampling. How- 
ever. stratifying requires establishing more boundaries 
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fable 6-1 The Cost of Estimating Carbon Stocks on Plots of Different Sizes 


r rf - *t 

Number of plots 

Time to measure one plot 

Tool Md cow 

01 hectare 

_l 

1.5 hours 

troo 

am hectare 

* 

Oil hours 

JUJ0 

0.001 hectare 

23* 

0.02 hours 

txno 


Nero These estimates represent typical costs in Lightly rooded areas of the United States Assuming the total bundled cost of a 
held technician m S«0 per hour, the time to get from one plot to the nest and establish or re locate the plot center Is 0 l 2$ hours 
per plot, and the amounts of time to measure a plot of each sire are at given in the table The number of plots of each tire Is 
hated on observed variability In an unnunaged. second growth stand of mature natural regeneration in the Pacific Northwest, 
with the numbers of smaller plots set to yrteld the same statistical confidence interval as observed (nr M) plots of (LI ha in sire. 
Source Gordon Smith. Ecofor. 


and analyzing separate sets of data. Stratum boundary 
choices depend on the frequency of the occurrence of 
trees or other objects being measured, the size of sub- 
plots. the time needed to measure and analyze each 
subplot, and the sequestration likely to occur within 
each class of biomass. It is generally efficient to divide 
woody debris into two or three classes based on size, 
and to divide standing vegetation into at least three 
classes. 

Another approach to measuring biomass is to sam- 
ple a gisen proportion of the project area. Experience 
show's that sampling 15 percent of the project area can 
provide reliable measurements of forest carbon if the 
plan calls for several dozen sites. Ibis approach is best 
for moderately sized projects of 300 to 1.000 hectares. 
Quantifiers can base the percentage of the project area 
to sample on the size of the subplot for the carbon pool 
rxpected to record the largest change. 

For a plot size of 0.1 hectares, sampling 13 percent 
of the project area would mean installing one plot for 
es*cry 6.6 hectares. It large changes in carbon stock arc 
expected to occur in a pool other than Large trees, ob- 
taining the needed precision may require more inten* 
slvc sampling. Quantifiers may And it more efficient to 
expand the size of the subplot used to sample that pool 
rather than increase the total number of plots because 
(he latter approach would require more overall effort. 
For projects larger than 1.000 hectares, installing one 
plot every 6.6 hectares would require more than 150 
plots. If several strata are sampled separately. it may be 
feasible to measure no more than 15 plots in each stra- 
tum. if the total number of plots is sufficient to achieve 
the desired level of precision (see Appendix \\ 


After determining the number of plots, project de- 
velopers should evaluate whether the measurement sys 
tern will generate precise enough data to yield enough 
sequestration (once uncertainty is considered) to make 
the project economically worthwhile. If the answer is 
no. they can investigate whether a different Icvd of pre- 
cision would make the project financially viable. Inde 
pendent verifiers should check the project's sampling; 
approach and financial structure to determine whether 
the project is likely to fulfill itscommitments. 

Installing the Sampling Plots 

Field crews must establish permanent sampling plots, 
so crews can reiurn decades later to remeasure the 
amount of carbon on each plot. Using a GPS receiver 
to record the coordinates of plot centers and place per- 
manent markers is essential. A mapping quality GPS- 
receiver (which should be accurate to 1 to 10 meters) 
should enable held technicians to find the monument 
that marks a plot center later, although GPS measure 
mem* will be less accurate under heavy forest canopy 
and in narrow valleys. 

To mark the plot center on sites where significant 
soil disturbance is unlikely, crews can drive a piece of 
rebar 1 to 2 feel into the ground. Ftrc. tree fall and vehi- 
cle traffic will usually not disturb the rebar if it is flush 
with the ground, and later crews can use a metal de 
tcctor to find it. For sites where significant soil distur- 
bance is likely, crews can bury a magnetic ball marker 
0.5 meters deep to mark the plot center. If major ground 
disturbance is likely, crews should establish two addi- 
tional monuments, using a GPS receiver to record their 



232 


Steps in Determining a Project's Offsets 

distance and direction from the plot center. (For spe 
cific steps in installing held plots, see Appendix ft.) 

Plot centers should also be recorded in a geographic 
information system (with a scale of 112,000 or larger) to 
help crews reach the vicinity of plot centers later. Nar- 
rative descriptions of how to find plot centers from a 
landmark can he useful, although things often change, 
making descriptions hard to follow decades later 

Choosing Resampling Intervals 

Field measurements of forest biomass inevitably entail 
error. For example, measurements of tree diameter by 
two different field technicians (even if they are skilled) 
arc Itkriy to vary by up to 1 cm dbh in larger trees. 
Quantifiers can minimise this problem by lengthening 
the interval between field measurements, as changes 
in carbon stock will s*astly exceed the uncertainty at- 
tributable to measurement errors. Measuring carbon 
stocks every five to )0 year* alto average* out annual 
variations in sequestration and allow* quantifiers to 
detect a greater proportion of sequestration while re- 
ducing cost 

Mowocr. more frequent measurements can help 
project developers remedy any shortfall in sequestra 
lion that field data indicates, for example as a result 
of the invasion of low-carbon-sequestenng species In 
addition, as the time between measurement* grow*, 
so docs the cost of waiting to quantify the increase 
in carbon sequestrated. Thus, at some point, expand- 
ing the time between field measurements becomes 
counterproductive. 

The optimal period between measurements wfU 
vary with their precision, the speed of change in carbon 
stocks, the costs of measurements, and the value of the 
resulting offsets. Larger projects may want to measure 
carbon slocks every five years for the first few decades 
and then less often a* quantifiers gain information on 
how much carbon a protect is likely sequester moving 
forward, especially if sequestration rates are declining. 
Protects usually schedule a field measurement shortly 
before they end to determine total project carbon. 

Quantifiers should make annual observations, ei 
ther visually or using remote sensing, between more 
detailed field measurement*, to detect major devia 
lions from expected conditions. For example, scan- 


ning a landscape from a high point can reveal whether 
it is substantially covered with healthy trees. Observa- 
tions of the “leader" stems of young trees can also re 
veal whether they are growing vigorously. If large ar- 
eas show discolored foliage or if many trees are dead 
or missing, quantifiers can conduct dcuilcd measure 
ments of biomass. If projection* of how much carbon a 
project will sequester are conservative, an observation 
that 25 percent of the project area is not in a healthy, 
growing condition might trigger remedial action. If 
projections arc less conservative, the threshold for re- 
medial action may be as low as 5 to 10 percent of the 
project area. These annual checks may be qualitative 
assessments or quantitative stocking survey*, such as 
those performed to measure the survival of planted 
seedlings (sec Appendix 9) 

Satellite imagery can be used to measure leaf area 
and estimate growth However, this kind of analysis 
require* multiple, fine-scale images through the grow 
ing season and a skilled analyst. The costs of data and 
analysis necessary to estimate growth rates from sat- 
ellite imagery may be more than the cost of ground- 
based assessments. These costs and the capacities of 
the quantifier will determine whether it is most cost- 
effective to assess vegetative condition using satellite 
imager*', aerial photographs, or ground based surveys 

Some offset contracts require developers to model 
future tree growth partway through a project to de 
termme whether it will achieve its goals Quantifier* 
should use such a model only if it ha* been validated 
for the project's location and forest type. Validation 
require* running the model for locations not used to 
build the model and for which independent data exist 
Because each modd has its own idiosyncrasies, mod 
elm should have experience running the model I Hey 
will use. 

Modding usually requires collecting more informa 
tion than quantifying biomass. If a model requires ex 
tra information, crews should collect it from a subset of 
the trees used to cakulate biomass. A modd may alsoi 
require histone information on tree growth and man- 
agement activities, which can be gleaned from land re- 
cords and interviews with previous managers If his- 
torical information is unavailable, the modeler must 
start from current stand conditions and be aware of 
how thi* lack of knowledge could affect model accu 
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racy. To accurately miniate future carbon stock*, the 
models input should require knowing trees by species, 
height, and diameter, not just the volume of growing 
stock. 

Measuring Carbon Stocks on Subplots 

Determining the amount of carbon stored in the proj- 
ect area entails documenting the physical character 
istics of objects or materials measured on the sub- 
plots, including tbc heights and diameters of trees and 
shrubs, and the mass of organ* material on the forest 
floor, fieldwork may Include collecting samples from 
subplots and measuring the weight of the material. This 
material is then analyzed further in a laboratory. Labo- 
ratory analysis may be limited to drying the samples 
and finding their weight, or it may involve determining 
the carbon content of each sample. 

Quantifiers use biomass equations to convert the 
gathered information into (he amount of carbon in 
each pool per hectare. Different biomass equations 
use different characteristics of the trees and pieces of 
woody debris on the subplots (and the carbon contents 
of different part* of these objects) to derive total carbon 
content. Quantifier* must therefore identify the spe- 
cific biomass equations they will use before the project 
start* so held crews will know what kind* of measure- 
ments to make. Ibe neat section suggests a protocol for 
each of these steps. A different campling strategy would 
use different protocols, and could be equally valid. 

Making Field Measurements 
and Cathering Samples 

Because of the sheer variety of objects, materials, and 
carbon pools that a forestry project must monitor, a* 
well as (he size of some of the objects, making held 
measurement* t* challenging. Crew* should measure 
the carbon pools in each subplot in a standard se- 
quence, concentrating on subpints for forest floor and 
fine debris first, as those are sensitise to disturbance 
from trampling. Adhering to a standard sequence re- 
duces the chance that the crew will forget to measure a 
subplot or to measure a tree on a large subplot. A stan- 
dard pattern for taking measurements also helps quan- 
tifiers check them for quality control 


Carbon Sequestered in Forests 

In making all these measurements, each crew? will 
adapt its division of labor to its skills and the types 
of biomass on a plot, although one person usually re- 
cords all the data. In a two person crew, one person 
can measure woody debris and litter while the other 
person measures trees. If two people examine tree*, 
one person can determine whkh trees to measure and 
measure diameters while the other person measure* 
heights, determines vigpr. and records data. In a three- 
person crew, one person can measure litter, woody de 
bris, and small live material while the other two people 
measure larger trees and snags. 

Held work to remeasure carbon stocks later in the 
project resemble* initial measurements, except that: 
crews re-locate plots instead of installing them If a 
layer of decomposed organic material was preseni 
above mineral soil during the first measurement. crcw« 
should remeasure this material at different locations tu 
avoid the disturbed areas. If a crew canrn* re-locate a 
plot, it should make its best guess as to where the ploc 
should be and establish a new one at that location, not 
ing the change in held records. Quantifiers can judge 
whether to use the new measurements when analyzing 
the data 

Most projects will focus most Intensely on the 
amount of carbon in living trees. To accurately deter 
mine tree growth, and thus changes in carbon stocks, 
crews should follow U S. Forest Service procedures for 
measuring the diameter and height of trees over 5 cm 
dbh. Crews measure smaller trees, sapling*, and shrub* 
at the base 

Because small pieces of woody material and decom- 
posed organ* material will never provide a significant 
source of carbon, crews can count the number of pieces 
of a particular u/e rather than measuring their exact 
diameter or length Quantifiers can then calculate I he 
biomass within each class based on the median size. 

To measure the amount of biomass in litter, crews 
gather loose leave*, (wigs. bark, seeds, and other identi- 
fiable plant parts that accumulate on the ground above 
mineral soil up to a threshold size, and they weigh a 
representative vubsample from each subplot. These 
subsampfes are then dried and weighed to find the ratio 
of dry weight to wet weight. Quantifiers use this tnfor 
mat inn along with biomass equations to quantify the 
amount of carbon (see below). 
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II litter (Le. soil O horizon) Is present or U expected 
to become present during the course of the project, the 
O horizon should be measured separately In locations 
where O horizons form, the O horizon carbon stock 
can become very large over time and can be lost quickly 
though disturbance* such as fire or logging- If an O ho- 
rizon will be measured, it is recommended to measure 
dull with the O horizon, not with litter One method for 
measuring mass of organic matter abose mineral soil is 
to obtain a round template of known area (225 cm 1 is 
a favored size), place it on the ground at the point to be 
sampled, cut around the template, lift the organic ma- 
terial, place it on a plastic sheet, and carefully remove 
any mineral soil from the sample of organic material. 
The entire sample may be bagged and removed for dry- 
ing and weighing, or the sample may be weighed in 
the field and a subsample removed and weighed in the 
field, and the subsamplr taken to a laboratory for dry* 
ing and re weighing to establish the dry to wet weight 
ratio to be used to calculate the dry weight of the whole 
sample. 

Forcst soils may also comprise a significant carbon 
pool and thus should be measured (see Chapter 7 ). Cal- 
culation of the mass of woody debris requires informa- 
tion on the density of material of various degrees of de- 
composition (see Appendix 10)* When forested lands 
are hilly or mountainous, quantifiers must correct for 
these sloping land features in their area calculations or 
instruct crew's to install sampling plots in the horizon- 
tal plane (see Appendix 11). 

Analyzing Biomass Samples 
in the Laboratory 

For most species, the concentration of carbon in whole 
trees is very close to 50%. As a result, it is acceptable 
to assume that the concentration of carbon in live trre 
biomass is 50% and not measure the concentration. In 
nontree biomass (such as leafy annual vegetation) and 
decomposed material, the concentration of carbon i* 
often significantly different from 50%, and the concen 
tralion should be obtained from a published source or 
by laboratory measurement of samples from the proj- 
ect area 

To determine the concentration of carbon in the 
samples collected, each sample must be analyzed for its 


dry weight and carbon content. Quantihcrs with tech 
nical expertise and access to laboratory facilities can 
perform this analysis themselves. However, engaging a 
qualified laboratory will often prose less costly. In the 
United States, many university labs provide analytic 
service* for a fee. as do some commercial labs. (Project* 
in less industrialized countries may not have access to 
analytical equipment ) The cost of analysis is gener- 
ally a few dollars per sample— higher if more sample 
preparation is needed, and lower If more samples are 
run. Forestry and agricultural extension profession- 
als should be able to point quantifier* to nearby labs 
that can analyze the chcmkal content of organic ma 
tenals or soil Some commercial laboratories that focus 
on soil nutrient testing, and many laboratories in de- 
veloping countries. still use the Walkley-Black method 
to analyze samples. This method should be avoided.** 
Quantifiers should confirm the process and equipment 
the labs will use before engaging them The lab should 
use standard materials of known composition to cali- 
brate instruments and should participate in mterlab- 
nraiory comparison of results of analysts of reference 
materials. 

Obtaining the dry weight of biomass samples re- 
quires drying them as sooo as possible to avoid mold or 
loss of organic carbon from decomposition. If analysts, 
cannot immediately dry held sample*, they should be- 
air dried or. if that is not possible, refrigerated Ideally, 
samples should be dried by cutting them into small 
pieces and desiccating However, heal is often usedi 
instead of desiccation. Ilcat does not remove quite as. 
much water from wood as can be removed by desic- 
cating ground sample*. For samples from live plants, 
drying should occur at 60*C to 80*C, as higher tem 
peratures can volatilize modest amounts of the organic 
carbon. Drying should continue until the weight of the* 
sample becomes constant, indicating that all the wa 
ter has been driven out This usually takes several days, 
and more time for segments of branches longer than ji 
couple centimeters. Quantifiers should weigh the dries! 
sample* immediately before they reabsorb moisture, 
especially in humid climates. 

Quantifiers must then analyze the proportion o£ 
the dried biomass that it carbon using the modifiedl 
Dumas combustion method This entails oxidizing * 
small sample at very high temperature*, typically about 
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l,000*C. and (hen using infrared gas absorption or gas 
chromatography to measure the amount of CO^ emu* 
ted. Ihks technique is extremely accurate and precise if 
samples are homogenized well (since only HJ-20 mg is 
used for the analysis, obtaining a representative sub- 
sample is critical) and equipment is well calibrated. 
Other methods such as near-infrared reflectance (NIK) 
and nuclear magnetic resonance (NMR) provide accu 
rate results, but the equipment and training needed to 
use them are not widely available. 

Finding the Total Carbon Content of a Wot 

To determine sequestration, quantifiers must convert 
plot measurements to carbon stock on each plot at each 
time, find the change on each plot over time, and scale 
up to the project area. Ihe carbon stock on each plot 
is the sum of the stocks of all the carbon pools within 
the plot, such as live trees, other live plants, woody de- 
bris. and the forest floor. When field measurements are 
weights, such as the weight of litter collected from a 
subplot of a specified area, field measurements can be 
converted to carbon by multiplying them by the pro- 
portion of weight that U carbon, then scaling up. 

When held work measures the sires of things, these 
sizes must be converted to weight to calculate carbon 
stocks. A large part of calculating forest carbon seques- 
tration is conversion of data about the sizes of trees and 
the frequency with which they occur into carbon mass. 
A key step in this process is calculating the mass of car- 
bon in each measured tree. 

The species, height, and diameter of a tree reliably 
relate to the mass of that tree Individual trees of a 
given species and shape have similar sizes and shapes 
of trunks and branches and similar wood densities, 
there is some variation in the relationship of mass to 
height and diameter, however, depending on the varia- 
tions within some species, climate, and (to a lesser de- 
gree) the conditions under which an individual tree 
grows. As a result, equations used to predict tree bio- 
mass as a function of height and diameter should, 
ideally, be created from trees in the region in which the 
equation will be used. Otherwise, they should at least 
be created from trees that grew under climatic condi- 
tions similar to the conditions where the equation will 
be used. Equations that predict trre weight or volume 
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as a function of tree sizes are alto called allometric 
equations Quantifiers may use existing biomass equa- 
tions or develop new ones if appropriate equations are 
not available 

Equations that predict carbon content of trees 
from height and diameter arc available from a variety 
of sources. U.S. Forest Service publications contain a 
wealth of information, including biomass and volume 
equations for a wide range of species. Quantifiers may 
need to search ihe website of individual Forest Ser- 
vice research stations because system -wide searches 
do not seem to find all applicable materials. Many For- 
est Service research publications are available for free- 
down load 

BIOPAK, software the U.S- Forest Service offers at 
no charge, includes biomass equations for a variety of 
North America n pbnts (sec ht*p://w ww.fUcd.usypnw/ )„ 
BIOPAK provides references for the original sources of 
the equations, which can hdp users determine (heir 
applicability. However, although an extraordinary re- 
source, BIOPAK is not easy to use, and most quantifi 
ers will search for other equations to use in electronic 
spreadsheets or other programs. Dark et al. (1986) pro 
vide equations for eastern North American hardwood, 
species, and Clark (1987) gives sources for equations 
that predict total aboveground biomass, or the mass of 
specific component s, for southern U.S. tree species. A I 
dred and Alemdag <19W») provide sources for predict- 
ing total aboveground biomass of specific tree compo- 
nents of Canadian trees. 11 

The Internet or a forestry library can also be 
source of biomass equations. A search that includes the 
name of the species, the word "biomass.'’ and live words, 
"equation or estimat*" will likely turn up references 
(The " serves as a wildcard in most search programs., 
and it will return any word that stans with the letters, 
preceding the wildcard, such as either ’estimate" or 
"estimation .*) If such a search does not yield results, 
the word "biomass" can be replaced with "volume* and 
the search repeated. 

Stem-volume equations are available for many spe- 
cies because the volume of tree trunks is commercially 
important for the production of lumber and wood fi- 
ber products such as paper. Such equations use mfor 
matton on the density of carbon in different species to 
convert the volume of wood, as indicated by field mea 
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soremcnt*. to carbon mass. Some volume equations are 
for wood only; others inchulc both wood and bark Be 
cause the wood-products industry developed many of 
these equations* they often exclude branches, foliage, 
tops, and stumps, but quantifiers can estimate crown 
mass as a function of stem sire or mass 

An equation may apply to a single species or group 
of species, or it may be limited to a single species grown 
under a specific management regime Experts develop 
the equations by cutting and weighing tree* and then 
using regression analysis to develop an equation that 
relates the measured weights to the physical character 
Istics of the trees. The resulting equations apply only 
to the range of tree sue* from which they were devel- 
oped. Quantifiers are often tempted to use equations 
intended to estimate the biomass in smaller trees to 
estimate biomass in large trees if the equations match 
the specie* and location. However, that approach may 
cause significant errors, and there will be no way to de- 
tect them. If an equation for large trees is needed, it is 
better to adapt an equation for large trees of a similar 
sprites that have a similar growth form than to apply 
an equation for smaller tree*. A biomass equation can 
he adapted for application to a different species having 
a similar growth form by adjusting for any difference 
in the specific gravities of the woods of the two specie* 
in question. 

Equations for shrub* and very small tree* often use 
the diameter measured at the base, just above the root 
crown, rather than the dumeter at breast height. Some 
shrub equations use canopy diameter rather than stem 
diameter Some equations provide volume rather than 
Inornate (Quantifiers can convert volume to biomass 
by multiplying by the density or specific gravity; see 
Appendix 10.) Some equations calculate the dry weight 
biomass or carbon mass of a single tree, typically as 
a function of diameter or both diameter and height. 
Most such equations are made from measurements of 
the aboveground parts of trees. Some equations predict 
biomass of a single component of a tree, such as foli- 
age, branches, bark, or bole wood Relatively few stud- 
ies of the root biomass of trees have been published, 
although general equations for North America predict 
root biomass a* a function of aboveground biomass 
and diameter 


Bin maw equations that do not use tree heights give 
levs reliable estimates of biomass than equations that. 
use both height and diameter Thu is because tree- 
height— for a given diameter —can vary tremendously 
as a function of site productivity and the tree density 
undcr which the stand developed. However, much of 
the lime, using both height and diameter gives no more 
than 10% more accurate predictions of biomass tham 
using dumeter alone. If forest stands arc managed anJ 
biomass equation* are developed from similar stands 
and not applied to old-growth trees, equations that use 
only diameter and species to predict btomass should In- 
adequate. 

Quantifiers must specify the equations they will uw 
to calculate btomass* and the properties of the tree* 
that will be used to drive them, before designing the 
sampling system and specifying the held protocols. 
If quantifier* do not select equations until later, field 
crews may not collect all the information reeded for 
the calculations, and the money spent on sampling 
may be wasted. ,J 

If more accurate equations become available during 
the project, or if the factors used to drive the equations 
change, quantifiers may be able to adopt the new equa- 
tions. However, this may not work if measurements, 
from earlier fieldwork cannot drive the new equation*. 
A project s monitoring plan may also call for develop 
ing new factors, such a* site specific densities of woody 
debri* not prevent on the site earlier. Waiting until the 
second measurement of biomass stocks Jo develop new 
density factor* or equations is often efficient, as other 
analysts may have created usable factors or the project's 
needs may have changed. All the needed data must be 
collected at the appropriate time, though, and quan 
tifiers should use extreme caution in changing meth- 
ods for collecting information because such changes 
may rule out comparison* of earlier and later humus* 
measurements. 

If quantifiers do not have enough information ta 
use a specific biomass equation for a given species, or 
if they cannot find an appropriate equation, they have 
several options. Ihey can use equations developed for 
other species, they can crearc new equation*, or they 
can use an equation for a group of species instead of an 
equation for a specific specie* (see Appendices 13— IS). 
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Calculating Changes in Carbon Stocks 

After calculating the mas* of each carbon pool on a 
plot and scaling the results into common units (such 
as tons of carbon per hectare), quantifiers sum them 
to determine the total carbon mass for each plot. They 
then subtract the amount of carbon present on that 
plot at the start of the project from the new amount to 
find the change in carbon stocks. Of course, quanti 
hers must use the same biomass equations to estimate 
both amount* 

Using permanent pk>ts allows finding the change 
In carbon stock on each plot before expanding to the 
change in carbon stock on the project area as a whole. 
This approach of finding the change on each plot is 
called paired plot analysis; the carbon density of each 
plot measured at a later time is paired with the carbon 
density on each of those plots measured at the start of 
the project. Paired plot analysis is different from the 
typical analysis of difference of means The difference 
of means would be found by calculating the mean es- 
timated carbon stock of the entire project area at the 
start of the project, calculating the mean estimated 
carbon stock of the entire project area at a later lime, 
and then finding the difference between these two es- 
timated mean carbon slocks. Paired plots are used be- 
cause pairing plots through time reduces variability, 
thus giving a more precise estimate of the change in 
carbon stock. 

After calculating the change in carbon stock on 
each plot, quantifiers then calculate the change in car- 
bon stock for the entire project area, along with its un 
certainty If the project has only one stratum 1 ' and has 
installed plots randomly, then the overall change in 
carbon stock is the average of the changes in all the in- 
dividual plots, in metric tons of carbon per acre The 
average change per plot is 

A C„ 4 * f £(C2, - Cl* ) J a Equation 6.1 

where is the average amount of carbon gained 
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throughout the project area. Cl, b the amount of car- 
bon observed on subplot t in sampling site s at time I. 
C2, is the amount of carbon observed on subplot ) ore 
plot i at time 2. and n is the number of subplots in the 
area sampled. If the project has multiple strata, this cal 
culatton is performed for each stratum. 

Before applying Equation 6.1, quantifiers should 
convert C2, and Cl, to tons of carbon per hectare so 
that will also be in tons per hectare. 

The next step U to calculate the mean estimated 
change in carbon stocks lor the entire project area. If 
all plots have the same area, quantifiers can do this by* 
calculating the average change per plot tin units of tons, 
per hectare) and then multiplying by the total heclarcv 
in the project: 

* A Equation 6.2 

where is the total amount of carbon sequestered by 
the project (in tons), AC^ is the average change in car- 
bon stock observed on plots (in units of tons per beet 
are), and A b the total area of the project lands. If the 
project is stratified (see Appendix I). is the sum 
of the amounts of sequestration calculated for each, 
stratum. 

As described in Chapter 2, the project's net GHG* 
benefit is the overall gain In sequestration minus the 
baseline (C^ - B) and inadvertent emissions from, 
project activities (see Appendix 2). The project's off- 
sets equal the net GHG benefit minus leakage and the 
statistical uncertainty in the calculations (see Appen 

dlxlk 


Of all biotic offset projects, forestry projects have the po 
tential to provide some of the greatest GHG benefits— 
both per hectare and per dollar invested Thus they can 
provide an important contribution to a carbon market 
However, forestry projects are complex, and their ben 
rttts a re difficult to measure precisely. Careful planning, 
and strict adherence to the procedures outlined here U- 
essential to the success of these projects. 
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Chapter 7 

Step 4: Quantifying the 
Carbon Sequestered in Soil 


Although soil and plant detritus contains I.S to 2 tril- 
lion metric tons of carbon worldwide, carbon accounts 
for only 1 to 5 percent of the soil on the surface and 
less than 1 percent of soil below the surface. .Moreover, 
the amount of carbon a land use protect sequesters is 
usually small compared with the amount of carbon al 
ready stored m the soil The gain ts almost always less 
lhan 10 percent and often less than 3 percent, and if 
carbon is measured to a depth of only I meter, the gain 
is usually less than 3 percent. 

These attributes make quantifying the offsets a soil 
project produces challenging. Measurements must be 
precise and designed to account for variations in soil 
carbon from one from location to another. This chap- 
ter provides an overview of how to design a quantifica- 
tion system to achieve those goals (see Appendix 16 for 
more information) 

Because a system for quantifying soil carbon is com* 
pie*, most developers will want to consider projects 
that encompass at least 25.000 acres and sequester at 
least 25.000 tons of carbon. 1 to make the costs of mea- 
suring changes in soil carbon cost effect be. Project de- 
velopers with smaller land areas, or who are seeking 
to generate fewer tons of offsets, should consider ag- 
gregating their lands to reduce the cost per ton of mea 
wring and verifying offsets As a last resort, smaller 
projects may be able to rely on modeling to estimate 
how much carbon they sequester. However, some car- 
bon markets or regulatory systems may not accept less 
rigorous quantification, or the resulting offsets may sell 
at a lower price. 


In most cases, developers must quantify the carbon 
sequestered in soils on project bods by 

- Designing a system for measuring changes in the 
amount of carbon in the soil. 

•Taking field measurements of carbon stocks at the 
start of the project. 

- Monitoring project conditions over time to assess 
whether managers have implemented changes in 
bnd-use practices and to gauge the amount of 
carbon stored. 

• Remeasuring carbon stocks in soil and calculat* 
ing changes in those stocks. 

Designing the Measurement System 

Quantifiers must be able to document and accurately 
quantify the sequestration that occurs on project soils. 
Without an acceptable method for estimating benefits, 
project developers cannot say with confidence that se- 
questration has occurred, and thus they will likely be 
unable to market their offsets. 

A sampling design and protocol for analytic mea 
sure men ts must be designed at the outset to accurately 
quantify the changes in soil carbon over the project pe- 
riod. Sampling and analyzing soil samples can be costly,, 
so the design of the sampling program can strongly af- 
fect the cost of the project and its profitability. The goal 
is to select a sampling program that achieves a level of 
precision high enough to detect tons of sequestered car- 
bon without incurring untenable costs. An appropri- 
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ate sampling design and analytical framework, careful 
fieldwork. and high-quality laboratory testing can pro 
vide a high level of precision for acceptable coat. For 
some types of projects, establishing an adequate sam- 
pling strategy may prove prohibitively difficult (see the 
sidebar on erosion). 

Quantifying carbon sequestration is made espe- 
cially difficult by the fact that the increase in soil car- 
bon stocks in most projects will be levs than 10 per- 
cent of the total soil carbon content— and much less if 
deeper soil is sampled. This means that if quantifiers 
need to measure the net sequestration (or change in 
the soil carbon content) to an accuracy of 10 percent (as 
recommended in Appendix 3>. they will have to mea- 
sure the total soil carbon content to an accuracy of at 
least 1 percent. 

For example, consider a project that switches from 
plow mg to no-till farming Such projects will ty pically 
store on the order of 2 to 4 tons of carbon per acre. Sup- 
pose that the project actually stores an extra 4 tons of 
carbon per acre. Further suppose that the project de 
vcloper hopes to get credit for sequestering at least 
3 5 tons of carbon per acre. "That means that the un 
certainty in the measured change m carbon stock must 
be no more than 0.5 tons of carbon per acre (see Chap- 
ter 3). 

Achieving that level of accuracy can be challenging. 
Protect developers can increase their odds of meeting it 
hy adopting a strategy that involves choosing sampling 
sites randomly to avoid bias, using paired sampling/ 
selecting enough sampling sites to ensure statistical 
accuracy, and adopting stratified sampling to further 
increase statistical power (see Appendix 1). A typical 


Carbon Sequestered in Soil 

project would probably require about SO to 100 sam- 
pling sites to achieve that level of statistical precision, 
with one site located every 100 hectares-’ That means 
each field would probably include only one plot, ami 
some fields would have none. With this wide a distribu- 
tion of plots, projects need a system to ensure that the 
locations of sampling sites are in fact random If devel- 
opers are using a G1S program to map the protect area 
the software can randomly assign plot centers. 4 If de- 
velopers are not using a GIS program, quantifiers can 
use a random-sampling technique to assign plot loca- 
tions manually. 

A sampling strategy should include a detailed pro- 
tocol for collecting samples of a specified volume from 
numerous sites. Field crews will have to remove rocks 
and roots from each sample. The soil is then ground 
and mixed, and a subsample is analyzed In a lab tc 
determine its carbon content. The sampling protocol 
should specify 

-The number and spatial arrangement of soil sam- 
ples to be taken at each tile. 

-The steps field crews should take if they cannot 
extract a sample at the specified location. 

- The diameter of the soil cores and the depth to 
which field crews will collect each core. 

-The guidelines for how crews should deal with 
materials on the surface of the soil and for how 
they should label, package, and handle samples 

Coring is the most efficient soil -sampling tech 
mque that uses commercially available tools. In this 
approach, field crews collect soil cores from specified 
sites by hand or by using hydraulically powered coring 


The Challenges of Erosion- 
Abatement Projects 

Conservation practices such as contour plowing, 
planting of grass st rips, and reduced tillage can greatly 
reduce erosion and thus increase the amount of car- 
bon in soils However, reducing erosion may merely 
prevent the transport of stored carbon off project 
lands, rather than increase the total amount of car- 
bon stored inside and outside the project Moreover. 


carbon stocks under a given type of vegetation for a 
particular toil and climate tend to approach equiltb 
num. Thus when erosion removes carbon from a site, 
the vegetation will usually store more carbon for a 
period of time to make up the deficit If soils outside 
project boundaries trap the eroded carbon, and vege 
tation hegi ns sequestering more carbon at the eroded 
site, erosion may actually increase rather than de- 
crease overall carbon stocks (Smith 2005). 
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machines, (the latter can take larger and deeper cores, 
but the cores must be transported by a truck or tractor.) 
Obtaining the desired level of precision requires mix- 
ing multiple cores from each site to account for vari- 
ability and reduce measurement error. 

Carers employed to sample soil arc usually tubular 
and range in diameter from about 2 to 8 centimeters. 
Although using the smallest- diameter corer that will 
gather intact samples is most cost-elfactiw. a larger 
corer may work best in soils with some buried gravel. 
If crews arc uncertain about whether a particular corer 
will collect samples to the desired depth, it is cheaper 
to field-test the corer than to choose a large diameter 
corer. transport hundreds of kilograms of soil, and 
spend days processing the larger samples.' 

Coring may not work if crews are taking measure- 
ments at multiple depths in soils that compact a great 
deal when cored, that contain Urge numbers of rocks 
or buried wood such as roots, or that are very noncohe 
sive (such as dry sand). If the amounts of rock or bur- 
ied wood are so great that crews cannot extract cores 
after a few attempts, ctcws may need an instrument de- 
signed for sampling ooncohesivr materials, such as a 
bucket auger for sampling sand A drawback of bucket 
augers is that they extract disturbed material, not an 
intact core, thus mixing soil from a range of depths. 

Quantifiers may soon be able to use new portable 
technologies such as User induced breakdown spec 
Iroscopv, i ncUst ic neutron scattering, and near-infrared 
spectroscopy to measure carbon content in the held. 
However, these emerging technologies require further 
testing and refinement before they become accepted 
approaches to measuring changes in soil carbon. 

Deciding on Sampling Depth 

Ihe decision of how deeply to sample soil is perhaps the 
most important decision in designing a system for mea- 
suring sot! carbon Most of the increase in carbon in 
soil projects will usually occur in the top few centime- 
ters of soil However, these increases may simply rep 
resent carbon redistributed from deeper depths, with 
the project having produced little or no net sequestra- 
tion. especially in the first few wars after a change in 


land management or vegetation Hits may be the case, 
for example, during the first decade after a switch from, 
plow ing to no-till farming because the Uck of plowing; 
slows the transport of pUnt material (and its attendant 
carbon) to lower depths. Such projects may even see an 
overall loss of soil carbon during the first few >ears. es- 
pecially in dry climates. For this reason, no till seques- 
tration projects should usually sample at least the en- 
tire plow Uyer of uni. which typically extends about 2d 
centimeters below the surface. 

On the other hand, sampling deeper than 20 ta 
30 centimeters may not be worthwhile unless species 
and soils have unusually Urge amounts of root mass 
or carbon deposition at greater depths Projects should 
conduct deeper sampling if amounts of soil carbon 
may decline at those depths, or if the project will cs 
tablish deep-rooting grasses, which can add signifi- 
cant amounts of carbon to soil to 2 meters, and small 
amounts to 4 meters Sampling to deeper depths nukes 
discerning sequestration against a larger volume of soil 
more difficult. Developers may choose to forego mca 
curing some of the carbon gain at those depths if the 
cost of doing so is greater than the value of the carbon 
or if attempting to measure some of five carbon stock: 
would dilute the precision of the overall measurement. 
However, if there is serious concern that the change in 
land management will cause loss of carbon deeper in 
the soil, sampling must encompass the depth where 
loss may occur. 

Determining the Number of Cores 

A detailed measurement plan must specify techniques 
for establishing permanent sampling sites where crews 
collect a set number of cores from each site with a spe- 
cific spatial distribution, which are then mixed into a 
single sample and sent to a laboratory for analysis. Es- 
tablishing permanent plots allows crews to return year* 
later to remeasure soil carbon and calculate the change 
on each plot, which gives the overall results for the 
project statistical power. To help field technicians find 
each plot during later sampling periods, crews should 
mark each plot center, such as by placing an electronic 
marker in the soil. (An electronic marker is an antenna 
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Figure 7.1 Layout of com at a sampling site. Establishing permanent plots 
allows crews to return years later to re measure soli carbon and calculate the 
change on each plot, which gives statistical power to the the overall results for 
the project. Although roost aspects of sampling should remain constant from 
one measurement round to the next, crews should extract soil cores at points 
displaced from those used during prior sampling to ensure that the results are 
not Influenced by disturbances incurred by the sampling itself 
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that is encased tn plastic (to keep it from nistingl that is 
buried deep enough so any likely disturbance, such as 
plowing, will not move it.) Field crews collecting later 
samples use a electronic locator, which is similar to a 
metal detector, to find the marker. 

Plots are typically at least 2 by 3 meters (10 vtfuarc 
meters), but not larger than 9 by 9 meters. Field crews 
collect a predetermined number of cores around the 
plot center, even though the center may be on the cor- 
ner of the grid |see Figure 7.1). The spacing between 
cores, usually 2 meters, should not be so great that plots 
cross soil types or landforms or that plots vary signifi- 
cantly in some other way. 

The number of cores to colled and mix on each 
sampling site is a key determinant of whether the sam- 
ple accurately represents the amount of carbon in soil. 
Collecting and mixing as few as six cores per plot may 
work for soil that has been tilled many limes, as tilling 
makes soil more homogeneous. Mixing 10 to 16 cores 
per site is best lor sot I that has not been tilled or for soil 
where woody plants have been growing. 

If early measurements show that collecting fewer 
Cores per site or using a smaller diameter corn will 
yield measurements of acceptable variability, quantifi- 
ers can make those changes to reduce costs. Quantifiers 
may also decide to analyze different depth increments 
separately and to colled fewer cores to the full depth. 
For example. If the plow layer is 20 centimeters deep 
and crews sample to a 50-centimeter depth, quantifi- 
ers might analyze the 0-20- cent i meter layer separately 
from the 20-50-cenfimcter layer. This approach can re- 
veal where sequesf ration is or is not rtung However, it 
does not give more statistical power because it does not 
increase the number of plots Measuring depth incre 
ments separately also increases the costs of transport 
ing and processing sod samples Collecting fewer deep 
corrs at each site and processing an additional sample 
at the added depth is usually more cost-effective. 

Although most aspects of sampling should remain 
constant from one measurement round to the next, two 
aspects tJwuU change. Crews should extract soil cores 
at points displaced from those used during prior sam- 
pling to ensure that the results are not influenced by 
disturbances incurred by the sampling itself (see Fig- 


ure 7.1). Consider a sampling design that removes nine 
cores from each sampling site in a -l-by-4-metCT grid, 
with 2 meters between intersections During initial 
sampling, the northwestern most sampling point is the 
reference point. For the next round of sampling, crews 
could displace each sampling point I meter south. Dur- 
ing a third round, they could displace each sampling 
point 1 meter east of the initial points, and during a 
fourth round they could displace each point I meter 
south and I meter east. 

The second aspect of measurement that should 
change is the location of points for sampling decom- 
posed organic material. If a layer of such materia) sits 
above mineral soil, sampling will reduce the carbon 
stock in this layer for at least several years, and possibly 
for more than a century. To keep this local disturbance 
from biasing the estimate for the project, held crews 
should displace locations for sampling decomposed or- 
ganic matenals from earlier locations. However, crews 
can sample such litter at the same local kins if they do 
to only every five years or more, as most litter will have 
accumulated during that time 

A projects sampling protocol should specify how 
to deal with obstacles such as large rocks and trees 
that prevent crews from collecting cores at designated, 
points. If they cannot extract a core from a specified 
point, moving a fixed distance such as 10 centimeters 
north may introduce less bias than moving only as far 
as needed. If crews still cannot extract a core, they can 
move another 10 centimeters north and try again. If 
they hit bedrock, they should collect a sample to that: 
depth and record it. If no soil is present, they can also 
record that fact. 

Quantifiers should remove plots from the mea- 
surement system only if the land on which they sit has 
been dropped from the project. Plots should not be re- 
moved because they have been bulldozed or otherwise 
disturbed, a road has been built through them, or a 
riser has shifted its channel If field crews fail to find 
a plot marker after a diligent search, they can consider 
the plot lost and establish a new one at the prescribed 
location 
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Determining Frequency of Measurement 

The optimal interval for measuring changes in soil car- 
bon depends on the rate of change, the cost of conduct- 
ing measurements, and the value of any offsets. More 
frequent measurements reveal any shortfall in carbon 
sequestration quickly, giving developers a dunce to 
address problems. Project developers also wish to de 
liver offsets and get paid for them as soon as possible 
In addition, uncertainty rises as time passes since the 
last measurement, eroding the amount of offsets veri- 
fiers will accept and lowering the price these offsets 
might command On the other hand, lengthening the 
lime between remeasurements spreads quantification 
costs over a larger amount of offsets, which tends to 
increase the profitability of the project The challenge 
is to balance the tension between delaying remeasurc- 
ment to reduce costs and hurrying it to verify seques- 
tration as M occurs. 

Changes in soil carbon are typically not measur 
able from one year to the next because the change is 
too small relame to the total carbon stock. Moreover, 
such frequent measurements may prove unreliable be 
cause sequestration varies from year to year depend- 
ing on the weather. The dynamics of soil carbon during 
the first one to three years after a switch from plowing 
to no-till farming are also poorly understood, and it 
is unclear how quickly net sequestration begins. Given 
current technology, costs, and annual variability in se- 
questration. most project developers should probably 
choose to measure soil carbon every five to 10 years for 
the first 10 to 15 years. Developers may plan further 
measurements in later years, or they may umpfy moni- 
tor a project to ensure that conditions are conducive 
to maintaining sequestration, if they expect the soil 
to More little additional carbon. Projects usually mea- 
sure soil carbon shortly before they end. to determine 
whether they have met their overall target. 

A project's measurement plan may call for a hy- 
brid approach wherein quantifiers measure carbon 
stocks for several sears and then use the resulting data 
m models to calculate changes in bter years. Before 
choosing a hybrid approach, project developers should 
assure themselves that the needed modeling capacity is 
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available at an acceptable cost Although leading soil 
carbon models are available free of charge, paying peo- 
ple with the expertise to run them may prose costly. 

Designing a sampling system, conducting an initial 
measurement of soil carbon within the project area: 
measuring changes in soil carbon later, and paytng 
for laboratory costs, data analysis, and verification cam 
easily cost several tens of thousands of dollars. After 
calculating the number of plots needed and setting a 
schedule for remeasurement, developers may wish tu 
estimate the cost of all the quantification work over 
the lifetime of the project to see if it is likely to detece 
enough sequestration to be financially viable. 

Doc lepers may choose to monitor at more frequent: 
intervals to determine whether land managers have im- 
plemented the promised activities and those activities 
are yielding the anticipated sequestration rates. These 
extra monitoring activities should specify perfor- 
mance thresholds, such that if the thresholds are met. 
the project is likely to be sequestering carbon accord- 
ing to plan. A near miss might trigger furl her measure- 
ments to better understand project conditions, whereas 
a complete miss could trigger remedial action. 

Thresholds may be quantitative rather than categor- 
ical Suppose a project plans to boost soil carbon by in- 
creasing crop residue left on fields to 5 Ions per acre. 
Field crews weigh the residue on small, randomly lo- 
cated plots. If the average mass is levs than 5 tons per 
acre, or il more than 10 percent of the plots have less 
than 4 tons per acre, such a finding would trigger more 
incentive measurements of residue and modeling of the 
sequestration likdy to result. 

Quantifying Carbon in Samples 

The moit common techniques for analyzing the pro 
portion of soil that is carbon are based on measure- 
ments of the emissions from the dry combustion of 
soil samples. (This approach is quite similar to that de- 
scribed in Chapter 6 for analyzing samples collected ta 
a forestry project ) Cores of a known volume are col- 
lected. dried, and weighed. The weight is then divided 
by the volume to yield soil bulk density. 

To find the amount of carbon in the sample, labo- 
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Modeling Future Changes in Carbon Stocks 

Developers typically use modeling or extrapolation 
from benchmark site* to estimate how much seques- 
tration a project will produce before they embark on 
It However, developers may also use data collected 
during the initial measurement of carbon stocks to 
model potential sequestration and to check progress 
during the project 

Developers need at least one modeling run lor each 
combination of conditions For example. If the proj- 
ect encompasses two different soil textures and crop- 
ping regimes, they need to run the model for each 
combination of soil type and cropping regime. Mod 
eljng is typically done on a pet-hectare or per-acre 
basis and scaled up. Two user-friendly computer pro- 
grams. the soil carbon tool of the Intergovernmental 
Panel on Climate Change (IPCC) and the COMET 
model (both available free online), quickly give a 
scientifically based estimate of changes in soil car 
bon resulting from changes in land management. A 
third soil carbon model. CENTURY, can nuke site- 
spcvific predictions based on data from land manag 
era, an initial measurement of soil carbon, and other 
sources. CENTURY has been widely validated and 
U also available online at no cost However, format 
ting data for use in this model, selecting factors for 
the calculations, and assessing outputs requires sub 
slant Ul expertise. The information needed to oper- 
ate the IPCC and COMET models includes soil trx 
ture. cropping regime, tillage practices, productivity, 
and nutrient inputs, whereas the CENTURY model 
also requires historic weather data from a nearby 
location. 

Assessing Uncertainty 

Regardless of whether quantifiers use measurements 
or models to determine changes in soil carbon, they 
must assess the uncertainty in the calculated offsets. 
Using site-specific information to better represent 
actual carbon dynamics may yield more precise es- 
timates. reducing uncertainty. Smaller uncertainty 
ranges, in turn, may allow quantifiers to delect more 
of the sequestered carbon with a high level of con 


fidence. thus producing more credited offsets and 
gaining a higher price for the offsets. 

Empirical measures of uncertainty are far belter 
than expert opinion. Studies have shown that peo- 
ple often think their predictions are much more ac- 
curate than they turn out to be. 6 Whereas an evalua- 
tion of uncertainty based on actual measurements of 
soil carbon stocks is fairly straightforward (see Ap- 
pendix 3 on statistics), such an evaluation based on 
models is more problematic. One approach to quan 
tifymg the uncertainty of estimates by a model in- 
volves finding the difference between modeled and 
observed outcomes in a number of cases and using 
that difference to calculate the standard deviation of 
the models errors. 

Some analysts use Monte Carlo analysis to esti- 
mate uncertainty. Properly done. Monte Carlo analy- 
sis examines variation in predicted outputs from 
thousands of model runs, where the inputs for each 
run are randomly selected from the possible range for 
each input/' For example, suppose that a model uses 
Ibc amount of rainfall occurring each month as an 
input, and the model is run with rainfall records for 
a 25-year period. For each month, there are 25 pos 
whir values for the amount of rainfall for that month 
During each run of the model for each month, the 
Monte Carlo analysis would randomly select a year 
and use that amount in the model run 

Using Monte Carlo modeling to eslimate uncer- 
tainty assumes that the model correctly represents 
dynamics in the physical world. This assumption is 
never totally correct; all models, by definition, are 
simplifications. If the model represents the world 
reasonably accurately, the modeled uncertainty will 
be close to the observed uncertainty in the world. 
If the model does not reliably depict the world, the 
modeled uncertainty may be much smaller or larger 
than the true uncertainty Monte Carlo simulation t» 
appropriate for a complex model such as CENTURY. 
The IPCCs tod carbon tool and COMET do not al 
low enough variation in inputs for users to perform 
Monte Carlo simulations. Howrver. the COMET tool 
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does provide estimates of uncertainty by comparing 
differences between modeled output* and measure- 
menu at benchmark sites. 

Validating Modd Estimates 
If a project will run for a long t ime and quantifiers will 
calculate soil carbon stocks more than twice, model 
mg can be very useful in determining whether initial 
projections match what is occurring. Initial measure 
menu can be used as inputs to model runs, and pre 
dieted soil carbon values can be compared with those 
observed during the second field measurement. If the 
modeled and measured values match, users can have 


much higher confidence in model projections of later 
sequestration. If modeled and measured sequestra* 
tkw amounts do not match, protect developers can 
adjust projections of future sequestration. Only a few 
sampling points, spanning the range of conditions 
across the project area, need to be measured during 
the second field measurement. Quantifiers can run 
the model using information from these sites as a 
check on (he reliability of predictions for all sites. 

Sensitivity analysis can be used to del ermine 
which inputs have the greatest impact on outputs. 
Quantifiers can then focus on obtaining more reli- 
able data tor those input variables. 


ratory analysis first take a small suhtamplc from each 
core and measure its mass. They then oxidize (or hum) 
the subsample al a very high temperature, using infra- 
red gas absorption or gas chromatography to measure 
the amount of CO, emitted. Analysts can convert this 
amount to grams of carbon by dividing it by 3.667 (the 
ratio of the mass of C0 2 to carbon). They can then find 
the amount of carbon in soil per unit of area by divid- 
ing this quantity by the mass of the subsample and mul 
ttplying it by the bulk density of the sample and depth 
of the core (see Appendix 16). The amount of carbon se- 
questered in soil is best expressed in tons per hectare. 

This technique is extremely accurate if samples are 
prepared properly and equipment is calibrated and 
used correctly. 8 Crews must be careful to collect all soil 
from sample cores and to exclude soil that is not from 
the cores. If samples will not be processed for several 
day*, they should be refrigerated or frozen to slow dc 
composition and loss of carbon. 

To obtain an accurate read mg of soil carbon, labora- 
tory staff should thoroughly mix the entire soil sample 
or preferably mill the entire sample except for roots or 
other materials that are not classified as soil. Al mini- 
mum. it is essential to mill a subsample of soil to a very 
fine texture and homogenize it. If such preparation is 
insufficient, carbon numbers will be highly variable, 
and quantifiers will not detect the modest amounts of 
carbon that projects are likely to sequester. (Subtam 


pies typically weigh only a fraction of a gram, although 
their weight may vary with their carbon content ) 

If a significant proportion of the particles in the soil 
are larger than 2 millimeters, analysis should grind 
a sample of this material and test it for the presence 
of carbon. If they find carbon, (hey should process IQ 
to 30 samples to see if such material contains a uni- 
form percentage. If it does, they tan use that percent- 
age in evaluating the overall amount of carbon that 
such material contributes to soil sampler If the car- 
bon content in this material varies significantly, ana- 
lysts should measure more samples until they find an 
acceptably small standard of deviation. Porous rocks 
such as sandstone and some volcanic rocks arc particu- 
larly likely to Include carbon Rocks with carbonates, 
such as limestone, include inorganic carbon that will 
produce COj when combusted, so their presence would 
require further analysis to distinguish organic from in- 
organic carbon. 

A number of universities operate high quality ana 
lytical facilities and will analyze the amount of car- 
bon in soil subsampte* for a modest fee A useful ap 
proach is to rely on a tab that analyzes samples jointly 
with other labs and compares results. After chemical, 
analysis of soil subsamples, quantifiers should archive 
remaining samples for rcanalysis later, if necessary. 
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Determining the Change in Carbon Stocks 

One might assume that the change in carbon stocks at 
any specific site is simply the difference between the 
mass of carbon per unit of area at the beginning of the 
measurement period and the mass at the end. However, 
if the bulk density of the soil changes over time, the cal- 
culation process must account for this change. Failure 
to do so can lead to errors that range from doubling ac 
tua) sequestration to falsely concluding that the soil has 
lost carbon when it has gained carbon (Gifford 2003). 

Changes in bulk soil density usually reflect the fact 
that soil has become more or less compacted For ex- 
ample. soil density usually rises for several years after 
land managers switch from plowing to no-till farming. 
That is because the soil collapses until soil aggregates 
form and re-create the porous structure found in pro- 
ductive sods with little disturbance. The height of the 
soil surface usually changes along with bulk sod den- 
sity: when soil compacts, the surface drops; when soil 
becomes less compact, the surface rises. 

When soil density increases, resampling to a given 
depth captures more soil. The inverse is also true if sod 
density decreases, resampling to a given depth captures 
less soil. For example, suppose that in project year 1. 
crews sample soil to a depth of 20 centimeters. Further 
suppose that over the next few years, the soil increases 
in density for compacts) by 10 percent, and the surface 
drops. If resampling in year 10 also occurs to a depth 
of 20 centimeters, it will capture about as much soil 
as sampling to 22 centimeters would have captured in 
year I (see Figure 7.2). 

To account for this effect, quantifiers must calculate 
bulk soil density far each sampling site each time they 
measure carbon stocks. They can do so by separating 
any rocks, roots, and other material larger than a speci- 
fied size (such as 2 millimeters) from fine soil and then 
consulting soil sampling manuals on how to measure 
the density of this material. This approach accounts for 
the fact that samples taken at different time* may in- 
clude more or fewer rock fragment* and roots. (Unbi 
ased measurement of the density of rocky soils requires 
the use of more laborious pit sampling, as corers can- 
not encompass large rocks and usually do not yield in- 
tact cores when encountering them.) 


To determine whether soil density has changed dur 
ing out-year sampling, field crews should extract an ex- 
tra 3-centimctcf portion of soil from the first few sitev 
(see Figure 7.3). For example, if the initial sampling in- 
cluded soil to a depth of 20 centimeters, crews should 
remove soil from a depth of 20 to 25 centimeters as a 
separate sample. 

Quantifiers then measure the density of several soil 
sample* taken at the original depth. If densities are 
within 1 to 2 percent of remaining constant over time, 
field crews may stop collecting the extra depth incre- 
ments. However, they should not discard the samplec 
collcited until the overall analysis is complete. If bulk 
density has changed, the change might be a fairly con- 
stant percentage across sites, or it might occur only un 
der some conditions. Quantifiers may need to analyze 
20 to 30 sites to discern a pattern If they cannot detect 
a pattern, crews should collect the extra depth incre 
ment at all sites. Quantifiers then use those depth in- 
crement* to correct for changes in bulk soil density (ter 
Appendix 16). 

After cakulating the change in carbon stock at: 
each sampling site and correcting for changes in bulk, 
density, quantifier* then cakulatc the change in car- 
bon stock for each plot. Next, they calculate the mean 
change in carbon per plot for all the plots analyzed. 
If the project ha* only one stratum* and ha* installed 
sampling sites randomly, then the average change in- 
carbon per plot is 

AC^ - Z(C2,-C1,) / n Equal on 7.3 

where Is the average amount of carbon gamed. 
Cl, is the amount of carbon observed on plot i at time I. 
C2, is the amount of carbon observed on plot i at lime 
2, and n i% the number of plots. A C #vf will be in the 
same units as C2, and Cl. As noted, quantifiers should 
convert plot measurements to tons of carbon per hect- 
are before performing this calculation. 

The mean estimated change in carbon stock i* the 
average of the changes measured at each sampling pioi 
(in metric tons of carbon per hectare) times the num- 
ber of hectares in the project; 

* * Equation 7. 4- 
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figure 72 Ibe rlfett of change* in hulk soil density on the amount of sod sampled Soil 
density can change ow time (fee example because of compaction and subsidence) and often 
changes in density are accompanied by change* in anil height. When soil density increases 
las llluit rated here), resampling to a given depth captures more seal. The inverse Is also true, 
if toil denasty decreases, resampling to a given depth captures less sod. To account for this 
effect, quantifiers must calculate bulk sail density each time they measure carbon stocks. 


where is the calculated amount of carbon seques- 
tered over the prefect lands in metric tons of carbon. 
AC^ is the average of the changes per unit of area 
measured at all plots (aa metric tons per hectare), and 
A is the number of hectares encompassed by the pref- 
ect. Note that the mean estimated change is not the 
amount of offsets credited to the prefect. Ihe credited 


offsets arc equal to minus inadvertent emissions, 
the Kiwi me. the uncertainty or confidence interval, 
and the leakage ” 

Calculations of total prefect sequestration are some- 
what more complex if the project is stratified. In that 
case, prefect sequestration is the sum of the amounts 
of sequestration calculated for each stratum Quant i 
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tempi* core 



cutia increment betow core 
oeed to measure carbon stock 


ben calculate sequestration for each stratum using the 
method for a project without stratification. 


Soil protects offer an opportunity for farmers and land 
managers to participate in burgeoning carbon mar 
kets by mailing only minor adjustments to their nor- 
mal practices, such as by switching to no-till farming. 
With a moderate investment in labor and monitoring 
equipment, landowners can realize extra profits while 
taking steps to absorb greenhouse pollutants from the 
atmosphere. 


Figure 7 . 1 Extra sampling to calculate soli bulk density. 
Soil density can be obtained from the same cores used 
to measure carbon content by extracting an extra 
5 -centimeter portion of soil from the first few sites. 
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Step 5: Quantifying Greenhouse 
Gas Emissions from Manure 


A manure offset protect usually entails moving from a 
manure-handling system that releases a Urge amount 
of methane (most likely an open anaerobic Ugoon, but 
perhaps a liquid slurry, deep litter, pit. ot anaerobic 
digester) to a system engineered to capture and burn 
methane. Although burning methane produces CO, 
emissions, such a project can have a significant GHG 
benefit because methane is about 10 times more po- 
tent than CO, as a greenhouse warmer (tee Chapter 
2). Moreover, if the captured methane is burned in an 
electric generator, it can reduce the protect 's use of fos- 
sil fuels and may also create additional offsets.' 

This chapter presents an overview of the proto- 
cols. analytic procedures, and calculations develop- 
ers should follow in developing and implementing 
manure-based offset projects. (Foe more detail, see Ap- 
pendices 17 and 18.) 

Manure- Handling Systems 

A wide range of systems for managing manure is avail- 
able. The Intergovernmental Panel on Climate Change 
(IPCC) uses the following nomenclature to classify 
them (IPCC 2000k 

- Pasture Manure from pastured or range animals 
left where deposited and not managed. 

- Daily sprout Manure collected daily from barns 
and spread on fields 

-Deep fitter (cattle and swine). Dung and urine left 
to accumulate in stalls for long periods of time. 


-Poultry manure. Manure collected in cages, with 
or without bedding 

- Solid storage: Dung and urine collected from 
stalls and stored for months, with or without 
drainage of liquid, followed by some other use or 
disposal method. 

-Dry lot: In dry climates, litter allowed to dry In 
stalls before removal 

-Pit storage Combined dung and urine stored In 
vented pits below stalls. 

- liquid slurry. Dung and urine I ransporled and 
stored for months in liquid form, with water 
added as needed for handling, in tanks open to 
the atmosphere. 

- Anaerobic lagoon: Dung and urine Hushed with 
water into open ponds, where they are stored for 
more than a month, with or without the capture 
of methane or use of the water remaining after 
solids settle. 

-Anaerobic digester. Management of slurry of dung 
and urine designed to facilitate conversion of sol- 
ids to methane, which may Involve temperature 
control mixing, or pH management: the reauhinp 
gas may be released. Hared, or used to generate 
power, 

- Composting intensive. Waste placed In a vessel or 
tunnel with forced aeration. 

Compel! mgr Mr rune Waste collected, piled, and 
regularly turned for acral Ion. 

Aerobic treatment: Waste collected as liquid and 
managed with forced aeration to provide nitrihea- 
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tson and denitrification, treatment produces Urge 
amounts of sludge, and total methane emissions 
depend on management of resulting sludge 

Anaerobic digestion projects are especially promis- 
ing. By storing and processing liquid manure under low- 
oxygen conditions, anaerobsc digesters convert much 
of the carbon in manure to methane. In fact, many ma 
nure digesters are designed to maximize methane pro- 
duction, bolstered by warmer temperatures and Ion 
ger residency times If this methane is released, it is a 
potent greenhouse gas. but a project that captures and 
burns the methane avoids these emissions and thus can 
create offsets. The methane can be Bared in an open 
burner, or it can be burned in an electric generator or 
other equipment. A properly managed anaerobic di- 
gester can also avoid the release of ammonia, which 
becomes an air pollutant ui high concentrations. 

Overview of the Approach 

Because decomposing manure can produce methane 
and nitrous oxide emissions. 2 quantifiers must account 
for both when calculating the greenhouse impact of 
a profect based on changes in manure management 
However, the methane emissions are usually much 
greater than nitrous oxide emissions. In addition, even 
though nitrous oxide has a much greater warming effect 
per unit of gas (see Chapter 2), nitrous oxide emissions 
typically have a minimal overall greenhouse impact 
compared with the methane emissions from manure. 1 
Quantifiers should therefore focus on accurately mea 
suring methane emissions; they can often rdy on pub 
1 1 shed tables to estimate nitrous oxide emissions. 

Quantifiers must also calculate emissions of CO a 
because a project's offsets are based on the warming ef- 
fect of the methane minus the warming effect of the 
C0 2 into which the methane is converted 4 Quantify- 
ing emissions from manure projects therefore entails 
several steps* 

1. Determining project- specific ratios used for con- 
verting rates of manure inputs to emissions of 
methane and nitrous oxide. 

2. Making direct measurements at specified inter 


vals to determine the total wet volume or weight 
of manure handled in the project 

3. Calculating methane and nitrous oxide emis 
sions as a function of manure input amounts 
during each step in the manure handling system. 

4 Summing emissions from all steps and convert- 
ing them to CO,e. for each accounting period. 

5. This whole process needs to be repeated when- 
ever the digestibility of animal feed, the carbon 
and nitrogen in the feed, the type of animals, 
or the distribution of their ages have changed 
enough to warrant it. 

Determining Project-Specific Ratios 

Project-specific ratios include. 

-The dry mass of manure, as a function of wet 
mass or wet volume 

-The nitrogen content of the manure, as a function 
of manure mass or volume. 

-Emissions of methane and nitrous oxide, as a 
function of manure mass or volume. 

- Mass transferred to any later manure-handling 
process, as a function of inputs to the earlier 
process. 

Quantifiers should measure these factors for each 
step in the manure-handling system that might release 
more than a tiny amount of emissions For example, 
if a project holds digested waste In a lagoon until ap- 
plying it to fields in the spring, quantifiers should cal- 
culate emissions from the digester, lagoon, and field 
application. as well as from those practices on com- 
parison lands. If a project holds manure in a pit before 
periodically transferring it to a digester, quantifiers 
should count emissions from both the pit and the di- 
gester Projects might also store manure as slurry be- 
fore moving it in batches to an anaerobic digester and 
then applying the material remaining after digestion 
to fields. Projects might reuse some liquid to flush ani- 
mal pens, use other liquid as fertilizer, and feed solid* 
into a digester. If manure Inputs or handling processes 
change significantly, quantifiers will need to develop 
new project- specific ratios. 
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Dry- Mass Ratio 

If mca wring project-specific tmistioni per unit of ma 
nurc input is not possible, some carbon offset systems 
may allow quantifiers to use ratios observed at other lo 
cations. Emissions estimates based on ratios from other 
locations usually calculate emissions as a function of 
the dry mass of manure input However, manure inputs 
at the project site are almost always measured when the 
manure U sect, expressed in volume (for example, by 
recording the change in depth of a holding tank) or 
weight (for example, by weighing the trucks transport- 
ing the manure). In these cases, a project-specific ra- 
tio must be measured for the dry mass of manure as a 
function of wet mass or wet volume. 

Determining the dry-mass ratio requires collect- 
ing wet samples that span the range of manure types 
that occur in the project. The weight or volume of the 
samples is measured, the samples are dried, and then 
the dry mass is measured, the ratio is (hen obtained 
by dividing the latter value by the former (see Appen 
dix 17). 

Nitrogen-Content Ratio 

Nitrous oxide emissions are typically estimated as 
emissions per total mass of nitrogen in the manure. 
Thus quantifiers need to measure the nitrogen content 
of the manure This is done using procedures similar 
to those for obtaining dry-mass ratios: collecting urn 
pies, quantifying their weight or volume, drying the 
samples, and using standard analytical chemical mea- 
surements to determine the nitrogen content. 

Emissions Ratios 

Measuring emissions per unit o4 mass or volume re- 
quires sampling gases carefully and then using dif- 
fusion equations to find emissions as a function of 
gas concentrations. Quantifiers should measure meth 
ane and nitrous oxide emissions over a period of sev- 
eral weeks or months to determine the rate per unit of 
wet manure input at each step in the manure-handling 
system. 

Sampling methane and nitrdftt oxide emissions 


Greenhouse Gas Emissions from Manure 

from open manure-handling systems is difficult Emis- 
sions from manure spread on lands vary greatly, with 
a substantial portion of annual emissions occurring 
within a day or two after soil becomes saturated with 
water. Even when gas production is more constant, 
such as from a manure lagoon, changes in temperature 
produce variations that complicate sampling and cal- 
culations. Quantifiers assessing emissions from opera 
systems should therefore work with technicians expe 
rienced in taking these measurements 

If a project captures and meters the volume of gas 
from manure, this metering may replace measurements 
of manure volume or mass and the factors needed ta 
calculate diffusion rates for the gas. Quantifiers cara 
calculate methane and nitrous oxide production by 
multiplying the metered gas volume by the proportion 
that is methane or nitrous oxide. To do this, quantifi- 
ers must develop project specific ratios for concentra- 
tions of methane and nitrous oxide in the gas by lak 
mg samples to a laboratory for analysis. (This assumes 
that the average chemical content of the gas remains 
close to the measured values. If ft docs not. qsiant {ti- 
ers must perform periodic sampling and analysis.) To- 
tal methane production is the volume of gas produced 
times the proportion that Is methane times the denuty 
of the methane (the default density of methane is 067 
kilograms per cubic meter). 

The warming effect of nitrous oxide produced by ara 
anaerobic digester should not exceed uncertainty ira 
the estimates of the warming impact of methane emU 
sions. For this reason, quantifiers usually can rely ora 
default ratios such as those published by the IPCC in 
2000 and lined in Tabic 1 1» 

If gas production from a digester is metered, quan- 
tifiers must measure or estimate methane emissions as 
the proportion of methane that burning does not de- 
stroy because of incomplete combustion or fugitive- 
emissions An engineer can calculate the completeness- 
of combustion as a function of burner design and use. 
In the absence of a site- specific measurement or cal- 
culation by an engineer, quantifiers can assume that a 
homemade burner combusts 95 percent of the meth 
ane. whereas an engineered burner combusts 97 lo 99 
percent. The IPCC default range for fugitive emissions 
from anaerobic digesters is 5 to 15 percent 6 If quantifi- 
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TaWe S I Estimated Rales of Nitrous Oxide Production 
as a Function of Mass of Nitrogen Input, by Manure- 
Management Practice 


1 " '1 

Sysiem 

Mg N. a* Mg 

N input 

Comments 

Pasture 

0031 


Dally spread 

0000 


1 > etp Inter 

1 

0008 

Cattle & 

swine. 

< t month 

•♦.cumulation 

Deep litter 

<1051 

Caule* 

' *wtoe. 

>1 month 

accumulation 

Poultry 

0.051 

| With bedding | 

Poultry 

0008 

1 Without 
bedding 

Solid Unr.fje 

0.0)1 

: 

>20% dry 
matter 

content 

1 o»yt« 

00)1 


Pit 

0002 

I Liquid slurry 

0002 


Anaerobic lagoon 

0002 


Anaerobe digester 

0002 

rzJ 

Composing estenstve 

OQVJ 


| Composting- intensive 

OOM 

r~ j 

( Aerobic 

1 0002 



Notes Mg » megagrants. or metric tons This table reports 
emissions rales in terms of Mg NjO/Mg N input, whereas 
the IPCC reports them as kg NjO-N/kg N input The ratio 
of mass of NjO 10 N,ON is found by calculating the molar 
weight of N.O relator lo N,. which is 44/2A Thus I Mg of 
NjO-N yields approximately 1.57 Mg S r O. 

Source. Calculated from I PCC <20001 


ers can nor measure methane product son (or emissions) 
from a digester, they can estimate it as a function of the 
amount and type of manure inputs and the duration 
and temperature of digestion. 7 

Seasonality can be a concern when developing ra 
tios. as the temperature and the period over which ma- 
nure it held affect emissions. Quantifiers should take 
measurements over an entire production cycle to find 
total annual emissions. For example, they might mra 
sure slurry temperature every month for a year to de- 
termine how it vanes with air temperature If quanti- 
fiers cannot make measurements over an entire cycle, 
they must model variations that may occur. 

Quantifying Manure Inputs 

Quantifiers may use any of several methods to find the 
mass or volume of manure added to the handling sys- 
tem. They shoukl choose the method that prov ides ade- 
quate rel lability for the least amount of work, given the 
project's equipment and layout. 

For example, if manure is treated in tanks, quan- 
tifiers can calculate the volume of manure as a fum 
lion of its depth. (They should subtract the residual 
amount left in the tank before refilling, using a spread 
sheet program to record the annual tally.) Dry manure 
and sludge removed from liquid-processing systems 
arc often transported for spreading or other disposal 
As with tanks, quantifiers can calculate the volume of 
transport containers and determine the volume of ma- 
nure by observing the depth of each load. 

For continuous liquid flow systems, quantifiers need 
I nfor mat ion on the flow rale. 1 f a project is large enough, 
developers may be able to justify the cost of installing a 
meter where flows from different sources pom together. 
Quantifiers may also estimate flows by multiplying the 
specified pumping rate by the amount of time pumps 
operate If they use that approach, they should check, 
the flow rate by diverting the pumped flow to a large 
container of known volume and measuring the length 
of time It takes for the pump to fill it. This observed 
pumping rate can be used to calculate the volume of 
material handled. 

Quantifiers should measure flow as early in the 
treatment process as possible, before fractions are sepa- 
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Alternative Methods for Quantifying 
Manure Emissions 

I A small offset project may find the sampling and 
analysis required to determine project-specific ra- 
tios too costly. H measuring manure weight or vol- 
ume would be very difficult or expensive, quantifiers 
can estimate manure emissions from feed inputs, al- 
though that approach is less reliable * Efforts are also 
under way to develop models that can provide reli- 
able. site-specific estimates of emissions 

The U.S. Environmental Protection Agency's fn- 
ventoryof US. Greenhouse Gas Emissions and Sinks. 
1990-1991 estimates manure production for dairy 
cattle and the most common livestock in each state. 
Developers could use this information to quantify 
their emissions. However, developers who do not 
weigh their animals wvvuld have to estimate thetr 


weights as a function of livestock type. age class, and 
location. 

The IPCC provides a method for estimating ma- 
nure mass as a function of animal numbers, types, 
and location, with animal type and location serv- 
ing as surrogates for information on animal diet and 
condition and air temperature (IPCC 1996. IPCC 
2000). The IPCCs revised Guideline* for Sat tonal 
Greenhouse Gas Inventories: Reference Manual also 
includes annual methane emissions for different 
types of animals in different parts of the world. How 
ever, many of the IPCC’s weight estimates and emis- 
sion ratios are based on expert consensus rather than 
surveys, and the organization docs not quantify the 
reliability of these numbers. Farmers often claim that 
animals* weight gain is predictable in controlled op 
e rations, but they can reduce uncertainly by gather- 
ing more site-specific information 


rated or mass is lost through processing. If a water 
supply hose is dedicated to flushing manure, a (low- 
meter placed on the hose can record cumulative flow if 
checked periodically, such as monthly However, water 
flow may give a poor estimate of the amount of ma- 
nure solids because different workers may use different 
amounts of water to flush the tame amount of manure. 
If quantifiers use this method, they should periodically 
check the proportion of dry solids in the slurry, mca 
suring a half-dozen small samples every few months 
until the degree of variability is clear. 

Quantifiers can use ratios observed from nonprof- 
ect Locations to estimate project -specific emissions per 
unit of manure input. However, this approach is valid 
only if all aspects of manure generation and handling 
at those locations are similar to those of the project, 
including the digestibility of the feed, the carbon and 
nitrogen content of the feed, and the types and ages of 
the animals. Such emissions estimates usually calcu- 
late emissions as a function of dry mass of manure in- 
put. possibly considering other factors. As noted, even 
if quantifiers use a published ratio to predict emissions 
as a function of manure inputs and handling practices, 


they must often convert measurements of wet manure 
to dry mass, as emissions ratios are usually published 
in terms of dry-manure mass. In these cases, the prot- 
ect plan must include protocols for determining the 
project -specific dry-mass ration 

Quantifiers using profect-specific ratios of emis- 
sions to manure inputs can also rely on the IPCC s de- 
fault estimates of the amount of manure produced by 
each animal to estimate total emissions. If quantifi- 
ers use more than one method to calculate emission* 
and the results substantially agree, their analysis ha-s 
greater credibility. 

Calculating Methane and Nitrous 
Oxide Emissions 

Quantifiers should develop a project- specific rale oC 
methane emissions per unit of manure input. They 
can then measure the amount of manure input during 
each accounting period and multiply that by the emis- 
sions rate to find the total emissions foe that period. 1C 
manure input is measured by volume, based on either 
flow or changes in the amount in a container, the ratio 
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converts this volume to mass of GHG emitted from the 
manure. If the input is measured in mass, the ratio pre- 
dicts the mass of gas emitted 

For example, suppose a project includes 100 dairy 
Cows. Sampling shows that an open lagoon emits 0.14$ 
melTK tons of methane pcT ton of manure dry nutter 
Further, suppose that measurements show that each 
dairy cow produces 1.9 metric tons of dry matter’ ev 
ery year, for a project total of 190 tons. Ihus the open 
lagoon emits 2755 metric tons of methane that year 
These emissions have a warming potential of about 
579 tons of C0 2 e (based on the IPCC's JI9951 100-year 
global warming potential for methane of 21). 

Quantifiers can compare these project speci lie cal- 
culations to the IPCC’s default annual emissions per 
animal, by type and region. Ihe IPCC's default maxi 
mum emission for dairy cows in developed countries 
is 0.1608 metric tons of methane per metric ton of ma- 
nure dry matter (see Table A 16 In Appendix 18). This 
default maximum rate is about 11 percent more than 
the hypothetical measured rate of 0.145 tons of meth 
ane per ton of dry matter input If the project does not 
leave manure in the lagoon as long as is typical, or if the 
lagoon temperature is cooler than average, this modest 
difference is logical, and the default rate would support 
the conclusion that the measured rate is accurate. If in 
stead Ihe project places manure in the lagoon only dur- 
ing fall and winter, and it spreads the manure on fields 
in the spring and summer, quantifiers would have to 
calculate the emissions from each practice and sum 
them to find the total emissions. 

As when calculating methane emissions, quantify 
ers determine the project specific rate of nitrous oxide 
emissions per unit of manure input They then multiply 
the measured amount of manure Input by that rate As 
noted, the global warming impact of these emissions is 
usually quite small compared with that of methane. 

For example, consider again the project with 100 VS. 
dairy cows that stores manure in an open lagoon for 
years. Suppose the ratio of nitrous oxide emissions U 
0.000105 metric tons per ton of manure dry matter. Ihe 
lagoon receives 190 metric tons of manure dry matter 
during the year. Therefore. 0.01995 metric tons of ni- 
trous oxide arc emitted that sear Ihese emissions have 
a warming potential of about 6.2 tons of CO,< (based 


on the IPCCs (1995J 100 year global warming polen 
tial for nitrous oxide of 310). This is just over I percent 
of the warming effect of the methane emitted by the 
lagoon. 

Rather than determining and using a project -speci he 
ratio, quantifiers can estimate nitrous oxide emissions 
based on manure mass, nitrogen content, and manage 
ment practices. University and other laboratories per 
form dry combustion analysis of samples for a mod- 
est foe. (See Appendix 18 for specific equations used to 
calculate methane and nitrous oxide emissions from 
emissions ratios and manure inputs.) 

Accounting for Carbon Dioxide Emissions 

Manure projects emit COj when the manure decom 
poses and when combust kmi destroys methane. Quan 
libers may count CO^ emissions when calculating both 
project and baseline emissions, or they may exclude- 
those emissions from both. Not counting CO } emis- 
sions from decomposing manure is acceptable because 
the carbon content comes from crops that remove COj 
from the air In fact, nearly all the carbon in C0 2 emit- 
ted from manure had been absorbed from the atmo- 
sphere by plants 1 to 4 years prior, often within the- 
samc year. Given this relatively fast cycling, counting, 
carbon content in growing crops as sequestration is 
unreasonable. If (He carbon in crops docs not count av 
sequestration, there is no reason to count the release of! 
that carbon as emissions. 

When calculating ihe GHG benefits of a project that 
convert* methane to CO r quantifier* need not account: 
for the CO ? produced in the conversion. Ihus. destroy- 
ing about I ton of methane would avoid a warming ef- 
fect of 21 tons ofC0 2 (based on the 1995 GWP of meth- 
ane of 2 Dl w 

Calculating Fugitive and Other Emissions 

Quantifiers should include fugitive emissions when 
calculating project and baseline emissions. Such emis- 
sions occur most often during storage of marnire- 
when containment vessels are not totally airtight; dur- 
ing transfer of manure; and as a result of incomplete 
combustion. 
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Some types of projects mar find that must emissions 
are fugitive emissions. For example, projects with an 
aerobic digesters thal flare methane produced by the 
digester would base no other methane emissions if 
combustion were complete and there were no leaks in 
the system. However. Haring does not completely com- 
bust all methane fed into the Hare, so all facilities have 
fugitive emissions. Handling and storage of waste be- 
fore and after digestion maw also produce emissions. 
"Ihe IPCC gives a default fugitive emissions rate from 
digesters of 5 to 15 percent. 11 However. quantifiers can 
use sampling to actually measure fugitive emissions 
If they do not use sampling, and if the digester is en- 
gineered and inspection shows it to be properly con- 
structed and operated, quantifiers can conservatively 
assume thal fugitive emissions are 10 percent of the 
methane produced. A default estimate for an engi- 
neered flare is that 98 percent of the methane is com 
busted A default combustion rate for farm designed 
and farm-built Hares is 95 percent. Generators typically 
combust at least 99 percent of the mrthane input. 

A manure project can have a high likelihood of pro- 
ducing indirect GHG emissions If a protect uses more 
elect rkity to operate a new aerobic digester, for exam- 
ple, quantifiers must account for the emissions from 
that increment of electric power. Some digester designs 
also include spraying, which consumes substantial 
amounts of energy. However, if a project sells sludge 
as fertilizer, that would probably not increase emis- 
sions, as the purchaser would probably have acquired 
fertilizer from another source if the project did not sell 
it Such use would actually decrease emissions if the 
sludge had fewer emissions from manufacturing and 
use, per unit of nutrient. than the alternative form of 
fertilizer. However, the protect could probably not take 
credit for those reduced emissions because it would not 
own them. 

Determining Baseline Emissions 

The method required to determine baseline emissions 
for manure-handling protects can differ considerably 
from thal required for other types of projects. Quanti- 
fiers may establish baseline emissions of methane and 
nitrous oxkle on comparison lands when writing the 


Greenhouse Gas Emissions from Manure 

monitoring and verification plan, or they may simply 
describe how they will determine the baseline. 

Calculations of baseline emissions include three 
components: 

-Determining the manure- management practices 
that probably would have been used in the ab 
sencc of the project 

- Determining the rate of emissions from each 
practice. 

-Multiplying the rates by the amount of manure 
generated by the project. 

Quantifiers can use EPA data to calculate average 
emissions for the dry weight of manure, weighted by 
the prevalence of each management practice in the rele- 
vant state. They can multiply this rate by the project's 
manure production to calculate baseline emissions for 
each accounting period. If local data are not available, 
quantifiers can use IPCC default factors to estimate 
emissions rates for each practice. 12 

Rates of methane production from lagoons (as a 
proportion of carbon input) vary widely, depending on. 
how long the manure stays in the lagoon and the tem- 
perature of the material Quantifiers should choose a 
conservative rate that is appropriate to the project to 
allow for uncertainty. 

Changes in manure handling practices on land* 
similar to the project should serve as the baseline. 
These shifts might include changes in the age or feed of 
the animal population, as well as changes in manure 
handling equipment Quantifiers can consult informs 
t»on from ihe FPA to determine the rates of use of dif- 
ferent manure-management practices on comparisoni 
lands Rather than conducting detailed on site mea- 
surements of emissions from these comparison facili- 
ties. quantifiers can rdy on mean estimate* from agen- 
cies such as the EPA. 1 * 

To determine a hypothetical basdine. consider an 
anaerobic digester project with a constant rate of ma- 
nure input Before the project, the land managers in the 
region stored manure in open lagoons, which emitted. 
■40 tons of methane per year In the tenth year of the 
project. H) percent of comparison facilities formerly us- 
ing open lagoons had switched to digesters, 10 percent 
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Table 8 2 Weighted Average of Baseline Fmtssaons in Year K) of a Hypothetical Project 
Compared with Project Emissions 


> Management practice 

Emissions 

Probability of 
practice 

Weighted 
emission 1 

i Anaerobic digester 

~T 

0.10 

as 

Daily spreading 

i 

0.10 


i Lagoon, covered and flaring 

10 

040 

4.0 1 

Lagoon, open 

Baseline total 

40 

L . 

040 

1 100 

1*0 

2*6 

1 Project Anaerobic digester $ 

1 Project: I>»rect emission rrdot non 

l 100 

! » 

1x6 1 


Soft Emissions are in urns of methane per year. 


had switched to daily spreading. 40 percent had cov- 
ered the open lagoons and flared the methane, and 40 
percent were still using the open Dgoonv 

Assume that all the facilities are the same size and 
process the same volume of manure. Assume also that 
the digester emits 5 tons of methane annually, daily 
spreading emits 1 ton. and the system for covering 
and Haring emits 10 tons. The quantifier would And 
the weighted average by multiplying, for each possible 
outcome, the probability of that outcome by the emis- 
sions for that outcome and then summing. This pro- 
duces a baseline emission of 15.6 tons at methane Isee 
Table 8.2). Conversely, if all other facilities using open 
lagoons continued to use them, the baseline emission 
would remain constant at 40 tons of methane per year. 
In this case, the net emissions reduction for a proj- 
ect that only used digesters would be 40 - 5 = 35 tons 
annually. 

The baseline of manure projects is often misunder 
stood Suppose a project switches from an open pit sys- 
tem to a digester and flares the methane produced by 
the digester, while none of the animal operations in the 
region change their manure-handling systems Further 
suppose that the pit system produces 5 tons of meth- 
ane per month, and emits all the methane to live at- 
mosphere The digester, with the same manure input, 
produces M) tons of methane per month and burns 9 
of those tons. The system leaks the remaining ton as 


fugitive emissions or with exhaust because of incom- 
plete combustion. A common error is to assume that 
the 10 tons of emissions from the digester are the base- 
line and that the project benefit is the 9 tons per month 
that are burned. However, the baseline is the emissions 
from the pit system, or 5 tons per month. The emis- 
sions benefit is the baseline methane emissions (5 tons) 
minus the project methane emissions (I ton), yielding a 
net benefit of 4 tons of methane per month. 

Because baselines for manure projects often change 
over lime, quantifiers need to establish them for each 
accounting period. If a project establishes baseline 
emissions before it starts, the monitoring plan should 
specify conditions under which quantifiers must re- 
calculate them to account for unexpected changes.. 
and should ensure that data are available to support 
recalculation. 

Quantifying Leakage and the Bottom Line 

Manure-management projects usually do not cause- 
leakage, as they do not reduce the amount of animat 
products produced from project lands However, proj- 
ects that increase the export of manure could displace 
emissions to lands outside the project boundary. 10 
projects increase the amount of manure a farm ex- 
ports, quantifiers should account for emissions from 
those additional exports. 
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If projects spread sludge on fidds outside the proj- 
ect boundary, quantifiers must also estimate emissions 
from the sludge that is spread and count them as leak- 
age- Unless the sludge is saturated, methane emissions 
should be negligible, but nitrous oxide emissions could 
be significant. The default assumption is that 2 percent 
of the nitrogen in sludge is converted to nitrous oxide 
and emitted, H Quantifiers can use molecular weights 
to determine that 1 ton of nitrogen convened to ni- 
trous oxide generates 44/28 - about 137 tons of nitrous 
oxide. 

If a project acquires manure by reducing the amount 
applied to nonproject lands, and if the amount of car- 
bon in soil on those nonproject lands falls as a result, 
the project should account for that loss. However, off- 
site sequestration may not fall if the imported manure 
was formerly stored in a lagoon, composted, burned, 
or landfilled. Otf site sequestration may also remain 
steady if the amount formerly applied to lands greatly 
exceeded the amount that plants and microbes could 
process. 


Creenhousc Cas Emissions from Manure 

To calculate offsets, quantifiers subtract on-site 
emissions— including fugitive emissions and any 
downstream emissions, such as nitrous oxide from ni- 
trogen in discharged effluent— from the baseline, ad- 
justing this amount for any leakage. 

Projects based on changing manure-handling sys- 
tems to reduce the emissions of methane are relatively 
straightforward. Besides lowering GHG emissions, 
many of these projects allow landowners to reduce air 
and water pollution that can stem from decompos- 
ing manure Moreover, the use of captured methane 
to power an electric generator or similar device offer* 
additional opportunities for the landowner to reduce 
dependence on fossil fuels and reduce costs. Projects 
based at facilities that generate large amounts of mi 
nure. such as confined-animal feeding operations, can 
prove especially lucrative as well as environmentally 
beneficial. 
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Chapter 9 

Step 6: Quantifying and 
Minimizing Methane and Nitrous 
Oxide Emissions from Soil 


Soils and decaying organic material (including litter- 
fall in forests, mulch used on croplands, and manure 
stored in lagoons) can emit both methane and nitrous 
oxkic. Because the GWP of these two trace gases are 
high -23 and 296. respectively— these emissions in* 
crease potential complications as well as opportunities 
for landowners and developer* of offset projects. Some 
activities that aim to sequester carbon in soil can lead 
to inadvertent emissions of methane and nitrous oxide, 
reducing the amount of offsets a project creates (see Ap- 
pendix 2). On the other hand, landowners and project 
developers can adopt practices that reduce these emis- 
sions and thus increase the amount of offsets credited 
to their project. 

Many factors affect methane and nitrous oxide 
emissions from soil (sec Appendix 19). and the im 
pact of those factors can vary widely from one posnt to 
another a couple of centimeters away. Efforts to mea- 
sure changes in such emissions from fields and more 
extensive lands arc therefore difficult and costly (see 
the sidehar). Reliably measuring annual emissions of 
these gases from even one held can cost $50,000 to 
$150,000— far more than the value of the offsets most 
projects can generate. Fortunately, two approaches that 
do not require field measurements are available for es- 
timating changes In methane and nitrous oxide emis 
sion* from soil 


Using Simple Equations to Estimate Emissions 

One approac h t o est i mat i ng met haneandnitrousoxide 
emissions relies on the denitrification decompotit ion 
process model, or DNDC (Li. Frotkmg. and Frolkinjc 
1992; Li. Narayanan, and Harms 1996; Li. Abcr. Surge. 
Butterhach Bahl, and Fapcn 2000; and Li 2001) The 
GHG W ixard version of DNDC u*es data pros' ided with 
the model on the weather, soil types, and crop types/ 
acreage of each county in the United States, as well as 
user-specified data on fertilization, tillage, and other 
management practices for each crop rotation and year. 
The model uses this information to estimate changes 
in soli carbon, changes in methane and nitrous ox- 
ide emissions, and the global warming equivalents of 
these emissions. (See http://www.dndc.sr.unh edu/ for 
the model, instructions on its use. and detailed discus 
sions of its applications.) However, this model requires 
a great deal of site specific Information— perhaps more 
than a project with diverse fields can easily provide— as 
well as expert judgment. Moreover, the practices ami 
inputs specified by the model may differ from ihose of 
the project. 

The second approach is to use simple equations tm 
estimate emissions based on a few factors that are rela- 
tively easy to measure, such as the amount of carbon ini 
soil, the amount of nitrogen land managers apply. anJ 
the demand for nitrogen by crops. Tables 9.1 and 9.2 
provide examples of such equations, which arc based 
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Measuring Methane and Nitrous Oxide 
Emissions in the Field 

Fiekl measurements provide direct observations of 
the rates, or fluxes, of GHG emissions from soils. Two 
general approaches are available to measure such 
J Duxes: chamber sampling and open-air gas sampling. 

Chamber sampling systems are open -bottomed 
containers that are sealed to the soil and closed for a 
limited period, with the rate of change in the concen- 
tration of gas in the chambers measured over time 
. The chambers must be of a known volume and cover 
a known area of soil so quantifiers can calculate the 
amount of gas emitted from the sod per unit of area 
and time. 

Open-air gas-sampling systems take gas samples 
from points above the ground and use complex dif 
fusion equations to calculate the emissions rates that 
would have caused the observed concentrations of 
gas Open air sampling can he used to estimate emis- 
sions over large areas, but It can be confounded by 
weather and other uncontrollable factors. Chamber 
systems, in contrast, are not unduly influenced by 
uncontrollable factors, but they sample unly a single 
patch of land at a time. Because methane and nitrous 
oxide emissions can vary greatly from one locale to 
another, this can be a major drawback and usually 
dictates the use of many chambers to sample an en- 
tire project area. 

Chamber systems have been widely used to take 
held measurements of methane and nitrous oxide 
emissions rates at local scales, from about 0.1 square 
meters to several square meters. Chambers are easy 
to make and cost little, but they are usually labor in- 
tensive to operate Measurements must be extremely 
accurate because the changes in gas concentrations 
are very small Moreover, if the gas concentration in 
the chamber increases much above the ambient level, 
diffusion of gas from the soil will slow. 

Chambers arc usually closed for periods lasting 
from a lew minutes to an hour or two. The chambers 
are left open between sampling times to limit their 
impact on sotl temperature, humidity, and plant 
growth. Each chamber is usually sampled four or 


more times per day during times of high emissions, 
such as after a major rainfall. Sampling may be infre 
quent during periods of low emissions, such as in the 
middle of a dry season or when the ground is frozen. 

High frequency sampling using automated cham- 
bers provides the best data for quantifying seasonal 
and annua! emissions rales. Such chambers can col- 
lect samples every few hours and hold them, allowing 
crews to transport the stored samples to a Laboratory 
for analysis every few days, limiting labor costs. Au 
to mated chambers arc especially valuable for mea- 
suring nitrous oxide because most such emissions 
occur during • few pulses each year lasting one to 
five days, and sampling weekly or less frequently can 
miss those pulses. However, automated chamber sys- 
tems can cost as much as $125,000 

Several technologies are available for quantifying 
the concentrations of methane and nitrous oxide in 
gas samples. Ihese include gas chromatography with 
electron capture detection. photoKoustK infrared 
spectrometry, thermal conductivity detection, and 
tunable diode laser spectroscopy. Methane Is often 
measured using gas chromatography with a tlame- 
ionization detector. However, such analyzers cost 
tens of thousands of dollars and require trained tech • 
nicians to operate. Still. Ihese technologies are im- 
proving. and easier lo use technologies may emerge 
As an alternative, many university and commercial 
laboratories will analyze gas samples for a lew dollars 
each. TRAGNET. a group of organizations that mea 
sure emissions rates of trace gases from so*L provides 
information to qualified users (sec http://www.nrcl 
colostate.edu/protects/tragnet/). 

Open-air gas-sampling techniques average emls 
sions across areas up to tens of kilometers, depending , 
on air turbulence and the height at which samples are 
taken Converting observed concentrations of gas to 
emissions requires calculating diffusion rates, which 
depend on the texture of the ground surface, turbu- 
lence. temperature differences between the ground 
and atmosphere and within the atmosphere, and 
other factors. See Galle ct al. (2000) for a review of 
the various techniques that can be used to calculate 
emissions rates from open air sampling 
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Table 9.1 Equation* Derived from Results of DNDC Simulations to Estimate 
Methane Emissions from Rice Paddy Soils in the United States 


Parametric equation 

1 >** 1 

CortfwKfit tqiution. 

' A, -NS 61 

1 A,»<F-20.2471IV*Oi464 

1 Aj - 0jtM06T , -' wl 
i A,-l.5IJ7Ln(PH)-IM«J 

A, - CL IS51.nl n-04204 

A, - 7E-0WM(»‘ o> * os (MAI ♦ 0«M 
\ = ISAUfSOCI-'-O JgTnSOC) . 0.9*44 

A, --0L6M9U<! EAAT) . 1*1*4 

*„ ~07J 

IVftmtmru 

F: soil CH t Hus in rice growing season, kg CH,-01u 

clay, sod day fraction 

\. A - coefficient*. kg CH r C/ha 

B r coelbcsent 

F : llooded days during the rice growing season 
i> drained days during the rice growrng season 

T. mean annual air temperature. "C 

PM: soil pH 

MDl days of manure amendment before start of Hooding 1 
AM amount of manure amended, kg maruire-Oha 

SOC. soil organ* carbon concent, kg C/kg soil 

LEAK: sod water leaking rate, mm May 


Y: crop yield, kg O ha /growing season 


\Vor«: The symbol I I is used to denote the product of a series In much the same way 
that J, »s used to denote the sum of a series Thus, X 4 ■ X* * JC, x X, X X» • 


on reudts from the DNDC model that are fitted to dif- 
ferent inputs. 

Quantifiers can use the equations in Table 9.1 to es- 
timate changes in melJuwr emission* from rice paddies 
resulting from changes tn 

-The duration of Hooding and drainage during 
the growing season. 

-The amount of time between manure application 
and Hooding. 

-The amount of carbon added to the sod as 
manure. 

-The carbon content of the soil. 

-The acidity (pH) of the soiL 


Quantifiers can use the equations in Table 9.2 ta 
estimate changes in nitrous oxidt emissions resulting 
from changes tn 

-The application rale of the nitrogen fertilizer. 

The application rate of carbon in the manure. 

- The amount of organic carbon in the topsoil. 

- Ihe crop demand for nitrogen. 

-The water input from precipitation and 
irrigation. 

-The average annual air temperature. 

-The day content of the soil, 

The acidity (pH) of the soil. 

-The land use (cropland, rice paddy, or grassland). 
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Table 9 2 Equations Derived from Results of DNDC Simulations to Estimate 
Nitrous Oxide Emissions from Soils in the United States 




I Total annual soil N,0 
flux, kg NjO-KlWyt 

^ CocftcJcnt equations 




a,- 24 sc-um 


A 3 • lE-OMCN^-OjOOSiCCV) ♦ 15254 

Bj » 21.704*lnC ♦ 122.51 
Kt* »0 

K 1 *0.23S6e*" M4r ' 

K. • 0004 iP) ♦ 5.5656 

K l «1.0339e , * so * ,tlA '' 

K t • OJ029(PH> } -2 7911(191) • XkS6* 
If, - (X 074 5r 6 •**•**■ 

• -9£-05<M) ♦ 0 96011 


Definitions 1 P annual soil NjO flux, kg N/ha/yr 

H, frrtiitter application rate, kg K/ha/yt 
4 0 J background S,0 flux coefficient*, kg N/ha/yr 
A,.,: saturated N ; 0 flu t coefficients. kg N/ha/yr 
Kq * rate coefficients 
C SOC content in top sotL kg Gig soft 
CM crop demand for N, kg N/ha 
M: manure applxation rate. kgOha 
T. mean annual air teroperaf urc. *C 
P. total annual precipitation, mm 
CLA Y soil day fraction 
PH: soil pH 

UMudHWtypr kropbndUlctp tifylgwiflMrfJl | 

• Sotn IV symbol FI is used to denote rbe product of a series *n much the same 

way that is used to denote the sum of a series. Thus. J"| y * X, x < X, x X, 


Opportunities to Minimize Methane 
and Nitrous Oxide Emissions 

While some project activities can lead to inadver- 
tent emissions, project managers can also adopt land- 
management practices that reduce emissions of meth- 
ane and nitrous oxide For example, converting de 
graded agricultural systems to perennial grasslands or 
forests can not only add substantial amounts of carbon 


lo the soiL but also cut nitrous oxide emissions and en- 
able the soil lo absorb more methane. Reductions in ir- 
rigation may further reduce methane and nitrous oxide 
emissions from the soil (see Tables 9.3 and 9.4|. Just ai 
quantifiers must take emissions increases in account, 
they can lake credit for these emission reductions 
when determining the net amount of offsets a project 
produces. 
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Table 9 J Options for Mitigating Methane Emissions from Soil 


1 Target facto* ^ 
1 to change 

M(itgai»on option Fcatibdily 

i Oxidizing 
| capacity of j 
| mn! 

Aetton: Decrease number and duration of floodings of rice Md soils. ** 

Effect. Periodically elevate soil redox potential 

Result Reduce CH, emissions save water, increase crop yields, but increase N 3 0 emissions 

i 



Ac ram. Apply oxidants (eg, nitrate. Mn ,# . Fc 5 *. sulfate) to wetland soih • 

Effect Elevate soil rtdcu potential temporarily 

Result Reduce CM 4 emissions. 

! 

Actum: Increase soil aeration by converting wetland to upland ' • 

Effect Elevate soil redox potential permanently 

Result. Reduce ('ll, emissions, increase NjO emissions, often reduce carbon sequestration. 

1 



Action Loosen compacted soils in grazed pastures 1 * 

Effect: Elevate soil aeration during rainfall events 

Result Reduce CH 4 emissions, me reasc CO, rm issaons. 

Dissolved 
| organic 
carbon 
(DOC) 

Actum: Reduce organic matter (litter or manure) incorporation in wetland soils 1 * 

Effect: Decrease DOC. with low decomposition rates 

Result Reduce CH, emissions, reduce carbon sequestra! ion. 


Anion. Incorporate organ*; mattmn low quality in wetland soils. I * 

Effect Decrease DOC by reducing decomposition rate* 

Result Reduce CH, emissions, but may reduce soil fertility. 

Action Develop new ncc cuitivars with low tool mass or exudation rates • 

Effect Decrease root-produced DOC. 

Result. Reduce CH 4 production. 

Action: Reduce plant biomass in natural wetlands 
■ Eflr»t: Decrease root induced DOC 
| Reyuil. Reduce CH 4 production 

1 



Action Apply crop straw or manure in rice paddies before transplanting or after harvest 

Effect Decrease availability of straw dec ompout ion induced DOC to rocihaoogens. 

Result Reduce CH 4 production 


j Gm 

^ transport 

Acfioit: Replace vascular plants with nonvascular plants m natural wetland 

Effect. Eliminate pathway for gat transport 

Result: Reduce CH 4 emissions. 

Ac flow Replace rke breeds with cuitivars that have burners to gas transport in stems and *** 

roots. 

Effect. Reduce pathway for gas transport 

Result Reduce CH 4 emissions. 


Notes: * Substantial negative environmental effort* in most location*, often too expensive 
** Negative environmental effects in some situations, often too expenvve . 

•** Typically no negative environmental effects; financially feasible 
See Appendix IV for information on the oxidizing capacity of soiL 
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Table 9 4 Options for Mitigating Nitrous Oxtdc F. missions from Soil 


Target factor 

lo change M 1 1 1 gat ton option 

FnuMIUy 

f 

CH idixing Action Loosen compacted soils in grazed pastures 

capacity of soil 1 Effect Elevate sod redos potential during rainfall or irrigation events. 

| Remit Reduce den it rife atmn induced N.O. but alfeci C sequestration 


i Action: Change soil tenure by adding sand or silt or clay. 

Effect Alter soil aeration status 

! Remit Reduce dmutf ifeaoon induced N^O. but could afect C sequestration 

• 

| Acrioff- Convert cultivated organx soils into wetland conditions. 

Effect. Build up deeply anaerobic conditions 

Remit- Eliminate both nicrtfeation- and drnurifeation-induced N^O. but could 
increase Cll, emissions. 


i Ac non Reduce frequency of flooding and drainage cycles in wetland soils 

Effect: Reduce soil decomposition and nitrification, but enhance demirifeaiion 
Remit Eliminate both nitnfeation- and deeiMrifeation-induccd N.O. but could 
increase Cll 4 emissions. 

- - — — - — — — — - — - — — — — — 

Dissolved I Action Reduce organic nutter < Inter or manure) incorporation tn soil*, 

organic carbon i Effect. Decrease DOC with low decomposition rates. 
fDOC) Remit Reduce both nltrifeation and drnitnfeation-induced N\0, but affect 

carbon sequestration 

’ 

1 Ac tiurr Do. rrase quality of organic matter inputs 
j Effect. Decrease DOC by reducing decomposition rates 

Remit Reduce both nitnfeation- and denitnfeation induced N.O. and maintain 
carbon request rat too. 


Action Convert the upland with organic sotls into wetland 

1 Effect Decrease DOC by depressing decomposition. 

! Remit. Reduce both nitnfeation- and denHrifeation Induced N' ; 0. may reduce 

COj emissions from loss of soil organic carbon, but may use reuse CM* 
iBliiriOM. 


II 

Nitrogen j Actum Optimize nitrogen fertilize* applscation rates based on toil fertility and 

crop demand 

Effect Reduce nitrogen availability to nitnfiers and drmlriheri 
| Remit Reduce nitnheat k« and dcnitnfealion-uidoced N.O. increase fertilizer 
efficiency, maintain optimum yield. 


1 Act*cn Apply nitrification inhibitors 

j Effect Reduce nitrate availability to dmitriberx 

, Remit Reduce nitrification- and denitrification-induced N.O- 


j Action Precisely schedule the timing of fertilizer applications 
. Effect. Increase fertilizer efficiency, reduce nitrogen availability foe nttnfeft and 
denttrihers. 

| Remit Reduce nitrification and denitrification induced N^O. 

.. ' 

1 Action Rotate crops to reduce excess nitrogen in soils. 

| Effect Increase fertilizer use efficiency. reduce nmogen availability for nstr triers 
and drnitriherv 

j Jtanfr. Reduce nltrtrictfoti- tuff df nltrtficlfoQ-mdoced N 



• 
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Table 9 4 Options for Mitigating Nitrous Oxide Emissions from SoU (continued) 


[ 

Target factor So 
change 

Mitigation option Feasibility 


Actum. Use control-release fertilizers M 

Effect- Increase frrtsliter use efficiency, reduce nitrogen availability for nitrtfiers 
and denlirifiers 

Result Reduce nitrification and drmtnfication -induced N,0. 


Action. Convert upland with organic soils to wetland. * 

Effect Depress nitrification and accelerate denitrification 

Result- Reduce both nitrification- and denitrification induced N.O. hut increase 

CH. emission. 

. — ■ — — 1 

Action Convert intensive to reduced ullage f * 

Effect Reduce nitrogen availability by decreasing mineralization rates. 

Result Reduce near-term nitrification- and denunfication-induced NjO. but may 
increase long term N.O emi salons due to elevated soil organic carbon. 

Temperature 

Action Compost organic materials before applying to soiL •• 

Effect Reduce mineralization and consume free nitrogen in soil. 

Result. Reduce both nitrification- and dmitrification-induccd N,0. 

Nofir. Use anaerobic digesters to pretreat manure or crop residue to eliminate labile ( 
nitrogen 

** 

Effect Moderate surface sod temperature. 

Result Reduce fr ten ngfl hawing induced NjO 

pH 

Action Convert cropland or grassland soteiecird conifer tree species. 1 ** 

Effect; Reduce soil pH to 50 or lower 

Result; Reduce both nitrification and doutrificatton- induced N.O. 


.Voter • Substantial negative environmental effects in most locations; often too expensive 
** Negative environmental effects in some situations, ohm too expensive 
Typically no negative environmental effects; financially (risible 
See Appendu 19 for information on tbe ooudinng capacity of sotL 


Although methane and nitrous oxide are often not 
considered in the context of global warming and the 
"fow carbon" economy, they are potent GHG*. These 
emissions from soil provide landowners and proyeet 
developers with both a challenge and an opportunity. 
Some project activities, such as no till farming, can 


increase emissions of these gases and reduce an offsei 
project's bottom line. However, other practices can re- 
duce these em noons and increase the bottom line. In 
either case, quantifiers must account for and estimate 
changes in methane and nitrous oxide emissions when 
assessing a project’s net greenhouse impact 
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Chapter 10 

Step 7: Estimating Leakage 
or Off-Site Emissions Caused 
by a Project 


Uakagt refer* to changes in GHG emission* or carbon 
nocks that occur outside a project's boundary but that 
nevertheless can be attributed to the project * activi- 
ties. Projects whose emission* are directly capped by a 
regulatory system do not need to account for leakage.' 
However, projects designed to produce marketable off 
sets must subtract these emissions from their nei GHG 
benefit. 

Leakage usually occurs when a project reduces the 
supply of a good, displacing production— and thus 
GHG emissions- to another location. 2 TWo types of 
projects might displace production. The first type re- 
duce* production to reduce GHG emissions. Examples 
include ending logging to avoid C0 2 emissions from 
harvested timber and ending rice cultivation to stop 
methane emissions from flooded rsce paddies. The sec- 
ond type occur* when a protect establishes a neve land 
use. displacing some preexisting use. An example is a 
forestation project on formerly agricultural land- In 
both type* of projects, reduction* in the supply of for- 
est or agricultural products can boost production else- 
where. reducing the overall benefit of the projects’ 4 
This chapter outlines the methods projects can use to 
quantify these types of leakage. (See Appendices 20-23 
for more information.) 

Leakage as a Function of Supply and Demand 

Although project developer* may not know exactly 
where leakage occurs, they can calculate it by consider- 


ing the relative sensitivities of the quantities of good*: 
supplied to a market— and the quantities of goods de- 
manded by buyer*- when the price of those good* 
changes. In the language of economists, this involves 
determining to what extent supply and demand are 
flattie or inf la Stic. 

For nearly every terrestrial offset project, leakage re- 
sults from a change in the supply of a product or good, 
not from a change in demand.' This change can be a 
decrease in supply, such as when a forest-conservation 
project removes land from the timber base, or an in- 
crease in supply, such as when an afforestation project 
includes a harvest that increases ihe amount of timber 
on the market. 

When a project reduces emissions by reducing the 
supply of a good, other supplier* may compensate for a 
portion of the lost production and hence replace a por- 
tion of the reduced emissions, the proportion of the 
cut that others compensate for depend* on the relative 
senutivity of supplier* and consumer* to change* irx 
the price of the good. The rate of change in the amount 
of the good supplied as a function of a change in price 
is called the price daslicity of supply. The rate of change 
in the amount of the good demanded by consumers as 
a function of a change in price Is called the price dastic 
ity of demand. 

Formally, the price elasticity of supply is the frac- 
tional change in supply for a given fractional change in 
price 
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r - 



Equation 10.1 


where r is the price elasticity of supply. Q s it the quan- 
tity of the product supplied before the price change. 
AQ S is the change in the quantity of the product sup- 
plied induced by a price change. P is the price of the 
product received by suppliers before the price change, 
and A P is the change in the price that suppliers receive 
for the product AQ S /Q 5 and APfP are the fractional 
changes in supply and price, respectively. Generally, 
supply increases as price increases. Thus the price elas 
licity of supply is usually a positive number. 


Similarly, the price elasticity of demand is the frac- 
tional change in demand for a given fractional change 
in price: 



Equation 10 2: 


where E is the price elasticity of demand. is the 
quantity of the product demanded before the price 
change. A Q D is the change in the quantity of the prod- 
uct demanded induced by a price change. P is the price 
of the product paid by buyers before the price change, 
and A P is a change in the price buyers pay for the prod- 
uct. Demand for a product usually falls as the price 



u-tV-0 r* «**•*»! 


F tgure 1 0.1 Price elasticity of supply is determined by 
plotting supply on the x axis and price on the y-axia. 

The price elasticity of supply, r. is then the inverse of the 
slope of the line. The line “unitary elastic supply* shown 
here represents an elasticity of 10 Thai is. a 1% increase 
in price spurs a 1% increase in the amount of product 
supplied to ibe market By convention, lhat ts the dividing 
line between inelastic and clastic supply. The horizontal 
line represents a perfectly clastic supply (e • — ). That is. 
any price shift induces an infinitely Urge change in the 
supply. The vertical line represents a ’perfectly inelastic* 
supply <e a 0 ). That is. a shift in prwe docs nut induce any 
change in supply. 



Figure 10.2 Price elasticity of demand is determined 
by plotting demand along the x axis and price on the 
y-axis. The price elasticity of demand, £. is the inverse of 
the slope of the line As in Figure 10. the lines represent 
unitary elastic demand, perfectly elastic demand (£ a «*). 
and perfectly inelastic demand (£ - 0), 



rise*. Thus the price eUnicity at demand it unully a 
negative number. 

A graphical reprecenution illustrates the derrvalion 
and tignificance of the price eiatticiltn at supply and 
demand (Figures 10.1 and 102) Sole that, in each cate. 
I he inverse of the dope of the line plotted in the graph 
espials the pike Hast icily (the inverse of the slope is 
Ax/Ay, where x represents the horizontal axis and y 
represents the vertical axis). 

Economists classify supply and demand as elastic or 
Inelastic depending on the values of e (for supply) and 
£ (for demand) As noted In Figure 10.1. values of e be- 
tween 0 and I arc said to be inelastic, and values of e 
greater than I are sakl to be elastic. If there Is no change 
in supply when a price changes, e = 0. and the supply is 
perfectly Inelastic. If there is only one price for a good 
regardless of the supply, e • «■>. and the supply is per- 
fectly elastic. 

Similarly, as Figure 10.2 shows, values of £ between 
0 and 1 are classified as inelastic, and values of £ 
lower than -1 are classified as elastic * When there is 
no change In demand when a price changes. F - 0. and 
demand is perfectly ineiastk. When there is only one 
price for a good regardless of the demand, E * and 
demand is perfectly clastic 


Calculating Leakage from Decreased Production 
Using Supply and Demand Elasticities 


For protects that decrease production of some good. 
Murray. McCarl. and Lee (2001) calculate leakage a» J 


t" 


e »C_, 

(e-(Ex(Up)))c„ 


Equation 10.1 


where l it (he proportion of the project % GHG benefit 
that is lost to leakage", t is the price elasticity of supply 
for the good provided by off- project producers, E is the 
price elasticity of demand for the final commodity. C M 
is the amount of GHG emissions per unit of increased 
commodity production outside the project area, 
is the amount of GHG emissions eliminated per unit 
of reduced commodity production within the project 
area, and P is the ratio of the market share of the proj- 
ect to the share of the rest of the market s producers. 

Because the last parameter quantifies the effect of 



the project on the market, it affects the amount of leak- 
age For most projects, market share ( P ) ts quite small 
and can be dropped from Equation 10.3. For exam- 
ple. if - 0.1 (a relatively Urge number) dropping the 
term changes the leakage estimate by less than 2 per- 
cent. which is probably less than the error in elasticity 
estimates. 

However, if the project supplies more than a small 
fraction of total market supply, it could have a discern - 
able impact on the market's dynamics, and it should be 
retained in Equation 10.3. In that case, market share tc 
calculated as 


Equation 10 4 


where Q v ^ is the supply from the project area before 
the project began, and Q s is the supply from nonproj 
ect lands (that is. total market production minus the 
amount provided from the project area) 


Example: Reduced Timber Harvesting in the 
Pacific Northwest 

To illustrate the use of Murray’s formula, consider the 
impact on carbon sequestration of reducing ttmbca 
harvest on federal lands in the U.S. Pacific Northw’csi 
to protect the spotted owl. Ihcseculs began in the 1980a 
but occurred mostly in the early I99<H. Building on the 
work of Wear and Murray (2004). Murray et al found .1 
weighted average U-S supply elasticity of e « 0.46. a de- 
mand elasticity of £ * *0.06, and a proportion of tim- 
ber eliminated from the U.S. market by restrictions on 
logging on federal lands of f = 0.04$. Wear and Mur- 
ray did not analyze GHG emissions per unii of harvest, 
and Murray et al. simply assumed that 

Inspection of liquation 10.3 reveals that under this 
assumption, both C M and drop from the equa- 
tion (because C^/C^ Ik Substituting into Equa- 
tion 10.3, 

. (0.46X1) 0.46 _ 

(0.46 - ( -0.06 x (| ♦ 0.045))) x I 0.5227 

This means that for every ton of emissions avoided 
by reducing timber harvest on federal lands, 0.88 tons 
of emissions occurred from increases in harvesting 
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elsewhere. (Ihe numbers mod in (his calculation are 
rounded; Murray et al calculated leakage of 0.87.) 
Thus, if ihe reduced lumber harvesting program in the 
Pacific Northwest had been filed as a GHG offset proj 
ect, (he protect could have claimed only 12 percent of its 
net greenhouse benefit as offsets (the benefit calculated 
after accounting for proportional additionality and the 
baseline) In other word*, substituting into Equation 
2 , 2 . 

Offset =■ Net GHG Benefit x (l-OM) « 

Net GHG Benefit x 012 Equation 10 5 

The relat rvely Urge amount of leakage in this exam- 
ple is due largely to the inelasticity of demand (£ it only 
-0XX»). This inelasticity most likely reflects the fact that 
even significant changes in log prices have only a mod- 
erate effect on consumer spending on goods produced 
from wood because of the need for housing material 
and paper. 

Rules of Thumb for Leakage 

The above example— in which the supply eUsticity was 
larger than the magnitude of the demand elasticity 9 
and leakage was Urge— is indicative of a rule of thumb 
If emissions per unit harvested are the same on and off 
a project, leakage will vary proportionally with the dif- 
ference in the price cUsticities of supply and demand. 
When supply is more cUstic than demand, leakage will 
be greater than 50 percent; when the opposite applies, 
leakage will be less than 50 percent (see Table 10.1). In 
this regard. Tables 10.2 and M>3 suggest that supply 
elasticities are often greater than the magnitude of dc- 


TabJe 10.1 leakage as a Function of the Relative 
Elasticities of Supply and Demand 


Relative price eUsticity of supply 
and demand 

leakage 

Supph less elastic than demand 

Lct» than 0.5 1 

Supply and demand equally elastic 

_ J 

Supply mo»c elastic than demand 

More than 03 | 


Sate leakage is ei pressed as a fraction of a protects overall 
GHG benefit 


mand elasticities for terrestrial offset projects, and thus. 
leakage is often greater than 50 percent for them. This- 
shows how critical it is for such projects to account for 
leakage 

Another rule of thumb, revealed by Equation 103. is 
how leakage is affected by relat Ivy changes in and 
Leakage will decrease as emissions per unit of pro 
due turn within the project rise relative to emissions per 
unit of production in locations where displacement in- 
creased production. In other words, efficiency by land 
owners and project developers can decrease leakage- 
and enhance the amount of offsets a project produces. 

Market share can also influence leakage. Smaller 
projects usually have higher leakage rales than larger 
projects. That is because a change in supply from a 
small project has an insignificant effect on price, and 
thus tl does not change consumption (a small increase 
in supply can meet existing demand). On the other 
hand, large projects that remove a large fraction of ex- 
isting supply have limited leakage because the lack uC 
finite resources such as Land limits Increases In produc 
tion elsewhere. 

building on this general framework for calculating: 
leakage, the next section outlines methods for calcu- 
lating the elasticity and productivity values needed to- 
calculate leakage with Equation MU. (Sec Appendix 22 
foe special issues In assessing leakage in afforestation* 
projects.) 

Obtaining Elasticity Numbers 

Analysts can obtain supply and demand elasticities 
from the literature or calculate them A variety of elas- 
ticities have been published for forest products and ag- 
ricultural commodities (see Tables 10.2, 103. and HX4). 
When using an elasticity value from the literature, ana- 
lysts must ensure that it applies to the product in ques- 
tion. This means that the elasticity must 

- Be for the exact product in question or a group of 
products that includes the product. 

Encompass the geographic area where the project 
is located. 

- Be measured over a time period that b as close to 
the project time period as possible. 




269 


Estimating Leakage or OfT-Site Emissions 

Table 10.2 Selected Price Elasticities of Supply of U.S- Table 10 3 Selected U S. Price Elasticities of Demand 


Forest Products 


| Price elasticity 
of demand 

-0u34 to -0.44 

i Prke elasticity 

Product 'region of North America of supply 


Product 

Softwood saw logs 

Softwood lumber/Pacific 

Northwest. west side 

0335 


Hardwood saw logs 

i -Oil .0-0 22 1 

Softwood lumber/ Pacific 

Northwest, east side 

0.586 


Pulpwood 

Colton. domestic demand 

- 0.40 

-i_ 1 

022 | 

Softwood lumber Pacific Southwest 

0794 


Colton, export demand 

-1.20 

Softwood lumber/ Northern Rock** 

o w> 


Com. domestic demand 

-0.2) 

Softwood lumber <v>ut hern Rockies 

0J99 

Com. export demand 

-<U) 

Softwood lumber.' North Central 

0*4* 

Wheat, domestic demand 

DOT 

Softwood lumber’ Nos thcast 


Wheat, export demand 


Softwood lumbrr/South Central 

Softwood lumber' Southeast 

Softwood lumber British Columbia 

coast 

096) 

0935 

— i 

Sorghum, dome sir: demand 

SM^MSVCSpOfl drn*Jiid 

Wool, domestic demand 

Wool, export demand 

Soybeans, export demand 

-020 

-0J0 

-0.40 

— — ■ - - - 

-000 

Softwood lumber/Canadian inter tos 

provinces 

Softwood lumber/Canadun eastern 
provinces 

0.447 


-082 

0442 


Sow no Elasticities (or forest products are from McCarl n d 
and elasticities for agricultural products from McCarl ct al. 
(199)1. both cited in Adams c« al. (2005). 

Softwood ply %>ood/ Pacific 

Northwest . west side 

0748 


Softwuod plywood/ Pacific 

Northwest, east side 

0.444 

. i 

T.M* 10.4 Selected U.S. Pace EJastkcll.es of Supply 
■ “ ~ — ■ — r* 

Product 1 Price elaslKity of supply 

Softwood plywood' Pacific 

1.120 


Com 

016 

Softwood plywood/ Northern 

Rockies 


-I 

Soybean 

025 



Wheal 

02 

Softwood plywood' ‘South Central 



Oats 


Softwood plywood/Souiheast 

0J4) 


Cotton 

04 

Oriented strand board/ Urutrd 

0.512 


Timber 

0.46 

State* 


Source. Adams et aL <20051. 


Oriented strand board'Canada 

0.4)3 



Sourer: Adams aod Haynes 11*96). 
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Because man)* agricultural commodities arc mar- 
keted globally, it is important to specify global regions 
or nations that serve as markets for products from a 
project area. Ddatlcd studies of market demand are 
available foe many agricultural products in many na- 
tions (Seale 2003). 

In the absence of existing estimates of price elastici- 
ties for project commodities, analysts can rely on esti- 
mates for groups of products that are similar to prot 
ect commodities. However, they should pa) particular 
attention to the characteristics of the product group. 
Because proxy estimates may be unreliable, analysts 
should use this approach only during scoping, not in 
finalizing a leakage analysis for a project. 

Another approach is to calculate elasticities specif- 
ically for pro|ect products using established methods 
and data. Reliable estimates require analvsisof multiple 
data points. Analysts can use a standard spreadsheet 
program to perform a simple linear regression of price 
against quantity and other important variables with 
multiple data points. More sophisticated regressions 
make it possible to assess the influence of other factors, 
such as changes in wealth or population, on supply and 
demand. Use of these other factors increases the reli 
ability of the elasticity estimates. (Sec Appendix 23.*°) 

Cavcais and Special Considerations 
When Using Elasticities 

Analysts should use caution when extrapolating supply 
and demand elasticities over large changes in prices or 
over long time periods. This section discusses the rea- 
sons why they should do so and describes the particu- 
lar circumstances where landowners, project develop- 
ers. and analysts need to pay extra attention. 

With Urge decreases in price, one good may become 
a substitute for another good, and demand may become 
increasingly clastic. Demand may also become satu- 
rated and thus inelastic with further price decreases. 
With Urge increases in price, other goods may become 
substitutes, and demand for the good may become very 
clastic For many goods, demand may become ineUstic 
at high prices because the remaining buyers are st rongly 
dependent on the goods or are sufficiently wealthy that 
the price does not matter. Howcser. eventually, at some 


very high pnee. limits to wealth will reduce purchases, 
and demand will become more clastic. 

Similarly, the eUstkity of supply often varies over 
large price ranges. Very high prices may draw produc- 
tion resources from other goods, and elasticity may 
increase. High prices may indicate some natural limit 
on the extraction of a natural resource, reflecting the 
inability of suppliers to substantially increase produc- 
tion beyond a certain level. Suppliers usually Save some 
fixed costs of production, so at some low price, supply 
becomes ineUstic as they stop making the good. 

Elasticity of supply and demand may also change 
over time, so analysts should use caution when apply- 
ing supply and demand elasticities to time periods that 
are years away from the data on which they are based. 
In the short run. elasticities tend to be lower, as firms 
and consumers cannot readily adjust production oe 
consumption. In the longer run. these factors are not 
as fixed, and firms and consumers do adjust. Leakage 
studies usually require lunger- run elasticities, with ac- 
tors outside the project area adjusting production tm 
changes stemming from a project. 

For manufactured goods, in the absence of a change 
in technology, the long-run supply curve tends to be 
much more elastic than the short-term curve. This is 
because, over several years, suppliers can build new 
manufacturing plants to meet higher demand or retire 
old facilities tu reflect a sustained drop in demand. Ihe 
supply of natural resources may not be as elastic as that 
of manufactured goods. Increases in demand can en- 
courage the exploration and development of new pro- 
duction or extraction technologies- However, for many 
resources, limits on access to raw material and amount 
used will eventually limit production. On the other 
hand, studies of the supply of wood products in the 
United States from the 1970s through 2000 have shown 
that elasticities are relatively stable (Haynes 2007). 

Figure 10.2 showed demand with a constant price 
elasittcHy as linear (a straight line). In reality, demand 
curves with a constant elasticity are nonlinear, at dif- 
ferent pnees, a one dollar change in price results in dif- 
ferent changes in demand This is because price elas- 
ticities are expressed as ratios of fractional change? 
(see Equal tom 10.1 and 10.2). and a one -dollar change 
in price is a larger proportion of a small price and a 
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Figure 10.3 Demand at a function oi pnce (or a constant 
price elan icily of 1. While Figure 10.2 showed the demand 
with a constant prke eUsitxity at a straight line, dr 
mam! curvet with a constant elasticity are actually 
nonlinear at a function of price, thit non linearity 
becomes apparent when the plot it extended wet a 
Urge price range Ihe nonlinearity arises because price 
elasticities are expressed as ratios of fractional changes 
(see Equations 10.1 and 10.2). and a ooc-dolUr change in 
price b a larger proportion of a small prke. and a smaller 
proportion of a Urge price 

smaller proportion of a Urge price. Figure I0J llhts- 
irate* Iht* effect It plots demand and price for a con- 
stant clast* n y of 1 over a large range of prices. Because 
of the nonlinearity, to estimate the effect on demand 
of a Urge change in price, analysts should construct a 
demand curve using logarithms of quantity and price. 
This will yield a straight line, making the cxtrapola 
lion easier. However, analysts should use great caution 
in estimating the effects of large prke changes because 
(here ts a substantial risk that elasticity will not remain 
constant. 

Geographic scale also matters when calcuUting the 
price elasticity of supply. Whereas supply in a given re- 
gion or small country may be constrained, many mar- 
kets for goods arc global. Another way of looking at this 
is that individual producers in Urge markets are price 
takers, and they have a limited ability to alter the prices 
they receive in the market. To a price taking supplier, 
global demand appears to be almost infinitely cUstic. 
If a market is very small because of a lack of substi 
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tulcs, legal or tax barriers to imports, high transporta- 
tion costs, or other reasons, a single producer may face 
less elastic demand than if the market were more open. 
In general, the more open and global the market, the 
smaller the project's market share will be and the largee 
the leakage will be. 

Estimating and 

As already mentioned, C m and are the emissions 
per unit of production (or unit of harvest) outside the 
project and within the project, respectively. Both ap- 
pear in Fquation 10.3 and thus arc needed to calculate 
leakage. 11 It b especially important to keep in mind 
that, when using these parameters to calculate leak- 
age. they must be in emissions per unit oj production, 
not emissions per unit of area. Examples of emissions 
per unit of production include tons of carbon per board 
feet of wood and tons of carbon per bushel of grains. 

In most cases, determining should be fairly 
straightforward. Because this parameter relates to pro- 
duction within the project area, the data needed to de- 
rive it should be readily available to the analyst. 

Estimating can be more problematic. Analysts 
can sometimes use studies of production costs and ef- 
ficiencies. and some ecological and fire-fud studies, ta 
estimate emtuiom per unit of production oulude the 
project area. In the absence of such data, analysts must 
cstimatcC^ from other source* For example, they can 
use data from published tables, scientific papers, and 
models to estimate emissions per unit of area, as wdl an 
the number of units of the product made or harvested 
within a given area. can then be obtained by d! v*d - 
ing the latter into the former. Note that because units 
of area appear in the denominator in both terms, area 
cancels out. leaving emissions per unit of production. 

When calcuUting leakage, the estimation accuracy 
of L in Equation 10.3 is enhanced by using the marginal 
rate of production 11 per unit of land area, rather than 
the average rate. 15 If data on amounts of production 
and area in production are available for multiple time 
periods, analysts can use that information to estimate 
the marginal rate of production. If they use two points 
in time, the equation for calcuUting the marginal rate 
of production is 
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R —.~i * Cquwwn 10.6 

‘ (A, -A.) 

where to the marginal rate of production of 

the good per unit area. P, is the amount of production 
at a later time. P 0 is the amount of production at an 
earlier time. A, is the area in production at a later time, 
and Aq to the area m production at an earlier time. 

7he times for each set of Pand A must he the same. 
Units of production (such as thousand board feet or 
bushels) must be the same for both P§. and units of 
area (such as acres or hectares) must be the same for 
both ^s. 

Analysis must check this estimate for reasonable- 
ness. Sampling and measurement errors, and year-to- 
year weather variability, can yield unreasonable esti- 
mates. If an estimate appears unreasonable, analysts 
should perform the calculation for a different lime pe- 
riod. It may or may not be acceptable to average esti- 
mates made over several time periods, depending on 
the degree to which other economic factors are con- 
stant across those periods As in the case of calculat- 
ing elasticities, a more reliable (but more difficult) 
method is to use data from multiple times, include 
multiple variables, and use regression analysis to cal 
cuiatc the rale of production. Analysts can use a stan- 
dard spreadsheet program to calculate a simple linear 
regression of quantity produced against area of land in 


production. (If more variables are addressed, analysts 
can consult Appendix 24 and other materials on this, 
methodology.) 

leakage can often be a significant fraction of thr 
net GHG benefit of a terrestrial offset project and thus 
can significantly reduce the amount of offsets that the 
project can achieve. For this reason, it deserves careful 
consideration by landowners, project developers, and! 
analysts throughout the project As a rule of thumb, 
leakage tends to decrease as 

-Supply becomes more inelastic (that is. t becomes 
smaller). 

- Demand becomes more elastic (E becomes larger 
in absolute value). 

- Market share of the project increases ( 9 becomes 
largerl 

-Emissions per unit of production from the project 
area become larger relative to emissions per unit 
of production in locations where displacement 
increases production (that is, becomes larger 
than C^). 

landowners and project developers should be espe- 
cially mindful of leakage when demand elasticity to less 
than supply elasticity, because under these conditions 
leakage to likely to be greater than 50 percent of the 
project s net GHG benefit. This is in fact likely to be the 
case for many terrestrial offset projects. 
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Chapter 11 

Step 8: Verifying and 
Registering Offsets 


When a qualified. independent party verifies a project’* 
offset*, and the offset* are appropriately registered, buy- 
er*. tellers, regulator*, and market observer* receive as- 
surance that the offsets represent real atmospheric ben- 
efits Often, a verifier's essential function is to act as an 
auditor, attesting that a projec t 's offsets base been quan- 
tified correctly (with suitable methods used to account 
for additionality, baselines, uncertainty, and leakage) 
and that ownership is as claimed. Subject to conflict-of- 
interest limitations, verifier* may also act a* quantifier*, 
estimating the amount of offsets a project will gener- 
ate as part of scoping the protect, validating the prot- 
ect'* monitoring and verification plan, and quantify- 
ing the amount of offsets a project produce*. Of course, 
individual carbon trading systems may require spe- 
cific verification procedure* or may require or prohibit 
specific relationships between verifiers and projects. 

Protects should make informal ion on the process of 
verifying offsets publicly available, most often through 
a registry* a central database of emissions and reduc- 
tions All regulatory GHG mitigation systems that rely 
on allowance* or trading maintain an official registry, 
and many voluntary systems do as well. Each registry 
has an underlying accounting framework that 

-Ensures that offsets meet a specified quality 
standard 

-Associates each offset with a unique owner. 

- Removes expired or retired offsets from the 
market. 


-Providet a central exchange where market par- 
ticipants can execute trades, if the system allows 
trading. 

Assigning each offset in the registry a serial number 
or other identifier allows regulators and observers to 
trace its pedigree, even after numerous transfers from 
one party to another. This chapter addresses all these 
aspects of verification and registration. (See Appendi- 
ces 24-26 for more detail I 

The Verifier as Auditor 

If verifiers function as auditors, they verify the method, 
data, and calculations used to quantify offsets. In this, 
role, verifier* may validate a project's monitoring and 
verification plan before it is used- attesting whether, if 
the project is applied, it* result* will show valid GHG- 
offsets. Validation i* recommended when project de- 
velopers prepare the plan and collect and analyze proj- 
ect data. Early* consultation is important to ensure that 
any measurements needed before monitoring and veri- 
fication activities begin can be designed and conducted, 
at that point. 

After the validated quantification method has been 
applied, verifier* may then audit measurements and 
calculation* performed by* project developers, project 
managers, or other quantifiers such as a consulting en- 
gineering firm. (The Kyoto Protocols Clean Develop- 
ment Mechanism generally prohibits the same party 
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from both validating a quantification method and veri 
Tying offsets calculated using that method ) Some veri- 
fiers consider whether the calculated amount of offsets 
is reliable, and if it b not. they indicate a more reliable 
amount and explain why the verifier's calculation is 
more rcl lablc. Other verifiers do not wish to ta kc respon - 
sibtlity for the claimed amount of offsets, and they state 
only whether the quantifiers have followed the validated 
pUn. < A carbon-trading system may not allow verifier* 
to charge a fee to attest only that the quantification plan 
has been followed without also expressing an opinion 
as to whether the claimed amount of offsets is real.) 

Verification audits can range from tight fo intensive. 
If reports describing offset calculations arc detailed, an 
audit could be as minimal as a review of the reports. 
However, such a light audit b not recommended, as it 
will not reveal whether data were collected correctly 
or whether measurements were properly converted for 
use in calculations. 

A somewhat more intensive audit entails rev iewing 
project documents, and it may include interviews with 
people involved in collecting data and making calcu- 
lations. This mid-level audit allows verifiers to check 
the comprehensiveness of data and the accuracy of 
calculations. 

An intensive audit entails visiting the project site 
to assess the appropriateness and reliability of data- 
collection methods and measurement*, including 
whether instruments have been properly calibrated and 
used. Site visits may also help verifiers Judge whether 
the extrapolation of measurements is reasonable. For 
example, if the solid content of manure slurry is mea 
sured at one facility and the proportion is applied to 
several facilities, a verifier should consider. "Do the fa- 
cilities use similar enough methods for diluting ma- 
nure to allow that extrapolation’" 

Verifiers may also take measurements mdepen 
denllv to check their accuracy. At a minimum, verifiers 
should repeat some calculations to see if they match re- 
ported results. Verifiers typically spot-check particular 
values, some randomly and other* because they appear 
suspicious. The spot checks may yield slightly— and In 
wome cases grossly— different values for reported etnb 
stons and sinks. If verifiers find that their value* dif- 
fer from the quantifier's values by less than a certain 


threshold, and they do not suspect deliberate misrep- 
resentation. they may be allowed to attest to the inven- 
tory mutatis mutandis (“the necessary changes being 
made" I. that is. with minor revisions. 

If not set by the registry* or market regulator, the 
monitoring plan should explicitly state the threshold 
error. This defines the boundary between material and 
non-material misstatement*. Material misstatement ia 
a term of art in the held of accounting, defined by the 
Financial Accounting Standards Board as "the mag- 
nitude of an omission or misstatement of accounting 
information that, in the light of surrounding circum 
stances, makes it probable that the judgment of a rea- 
sonable person relying on the information would have 
been changed or influenced by the omission or mis- 
statement" (AICPA 2004. AL'312.10). 

A more specific definition of material misstate- 
ment vanes with the environment in which it is used. 
A market wide threshold may be numerically complex 
to account for varying types of inventories and con- 
ditions. or it may rely on qualitative criteria. Any al- 
lowable threshold error should relate to the amount 
of offsets, not the si te of emissions inventories. The 
maximum allowable error for offsets should be 5 per- 
cent of the quantified amount. If verifiers find dis- 
crepancies totaling more than that, the regulatory sys- 
tem should require revisions by the project developer 
and resubmission to the verifier (Sec Appendix 24 for 
more on auditing functions and methods. 1 ) 

A verification report should attest that a project '■ 
measurement* and calculations are appropriate arid 
correct to the level of precision in the quantification re- 
port The verifier's report should include: 

- The amounts of offsets found to have been 
achieved. 

-At least a brief description of methods used by 
the quantifier. 

-A description of how the verifier Judged the 
appropriateness and accuracy of those 
met hod v 

-A description of any quantification error* or 
omissions. 

-A description of how any quantification errors 
or emissions changed the amount of offsets. 
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-The verifiers opinion of hem- many ions of offsets 
the project achieved In each accounting period. 

-A determination of whether emissions benefits 
qualify as offsets within the specified GHC mil* 
gallon system. 

Auditing a quantification of GHG offsets requires 
substantial technical expertise and familiarity with 
the tools and mclhods used in the quantification. A 
typical financial accounting firm lacks the scientific, 
engineering, and economic expertise to perform such 
services. Moreover, a financial audit that merely deter- 
mines that project records include numbers, and that 
arithmetic is correct, is not sufficient. The verifier must 
he able to |udgr whether the appropriate data were col- 
lected. whether the equations used in calculations are 
appropriate, and whether calculations of confidence 
lewis are realistic 

The Verifier as Quantifier 

In addition to functioning as auditors, verifiers may 
serve as quantifiers, determining what measurements 
projects should take, taking them, and calculating off- 
sets. This approach is most appropriate when such ef- 
forts require significant technical capacity. When they 
do. project developer* can reduce the cost of quanti- 
fication by allowing individual verifiers to apply their 
own procedures and tools 

If verifiers function as quantifiers, they write the 
protect's monitoring and verification plan (see the ude- 
barj. A wdl articulated plan specifies equations that 
will he used to calculate emissions and sinks. The plan 
should also specify the factors used In the equations or 
the methods for making site-specific measurements of 
each factor. 

In theory, a quantifier should be able to apply a moni- 
toring plan written by someone else and produce a re- 
liable count of offsets. However, experienced quantifi- 
ers have instruments and methods with whkh they are 
familiar. A plan written by someone else may require 
them to acquire new measuring instruments, learn 
new methods, and build a new database or spreadsheet, 
thereby raising the cost. In addition, quantifiers can 
quickly calculate confidence intervals when applying 
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their standa rd melhods to a new site, whereas it can re- 
quire extensive work to determine the precision of new 
methods specified by someone else 

The process of valuing timber provides an analogy. 
Timber appraisers usually have years of experience 
meshing their timber-cruising methods with melhods 
used to determine log grades and volumes according 
to local market standards. Timber appraisers also de- 
velop libraries of information and refine and calibrate 
equations to local situations. A data -gathering protocol 
designed by someone else would not provide the exact 
information an appraiser would need to perform the 
needed calculations. At best, the appraiser would have 
to spend extra ttme meshing the data with hU or hee 
methods, and the resulting calculation would probably 
not be as precise as if the appraiser had used a data- 
gathering design that matched the calculation meth- 
ods, At worst, the cruiser would not be able to use the 
data to calculate timber value. 

Establishing a Verification Agreement 

A verification agreement specifies the obligations of the 
quantifier and the other contracting parly The agree- 
ment should 

- Define the protect or present a method for deter- 
mining project boundaries 

-Specify a timeline for actions, such as taking mea- 
surements and delivering quantification reports. 

- Provide a schedule of payments for the work 
Determine procedures for dealing with un- 
planned occurrences. 

The agreement may alto specify the degree of preci- 
sion to be achieved by quantification activ ities. If off 
sets are to be submitted to a particular GHG mitiga- 
tion system, the agreement should specify that offset: 
calculations shall comply with the requirements of the 
system- The agreement may require acceptance of thc 
veri fieri monitoring plan prior to implementation, andf 
it may not run for the life of the project. 

Before committing to quantifying a project, verifi- 
ers should do an initial check to ensure that the proj 
cct can produce offsets. If the project cannot produce* 
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Writing a Monitoring Ptan 
and Ensuring Quality 

Verifiers serving as quantifiers should create a moni- 
toring and verification plan for each project that is 
concise but complete enough that others can com- 
prehend il and accept offsets based on it- (A public 
version of the plan may contain less detailed infor- 
mation about management of project lands and their 
production.) The monitoring and verification plan 
should include. 

- Project boundaries if they are known when the 
plan is written. 

-A list of the project's potential sources or sinks 
ofGHG emissions. 

- A sampling design tailored to the project, In- 
eluding the locations of plot centers The plan 
should specify three mechanisms for locating 
the plots, such as markings on aerial photos. 
GPS coordinates, and physical markers placed 
at the plots reference points. 

- Detailed protocols for measuring project condi- 
tions and outputs, including the frequency of 
measurements and procedures for recording, 
managing, and storing data. 

- Procedures, factors, and equation? for analyzing 
data and calculating project specific ratio?, and 
criteria for changing those procedures 

- The description of the contents and timing of 
report? that quantifier? will generate These 
report? should include ?ummartcs of original 
data, not just the results of data analysis, so 
someone unfamiliar with the project can inter 
pret the information and analysts later can ap- 
ply new techniques as they become available 

-Quality control standards and methods, in- 
cluding redundancy in recording data tn case 
records are lost. 

-A baseline or process for setting the baseline. 

-Specification of a process for quantifying 
leakages. 

Quality control typically entails requiring a sec- 
ond independent measurement of some plots, or re 
analysts of some data, to see if the two measurement? 


match. It also entails ensuring that quantifiers and 
verifiers consider multiple sources of information on 
project outcomes and that they investigate irregulari- 
ties in project records. 

If quantifiers plan to sample GHGs. they must en- 
list technicians trained in performing such sampling. 
Thus another key aspect of quality control is training 1 
workers, checking their performance, and reward- 
ing them for high -quality work. The monitoring plan 
should provide quantitative threshold? for acceptable 
held measurements, with zero error the usual Man 
dard The plan should also specify thresholds for fur 
ther action. For example, if a project processes ma 
nure in an anaerobic digester, the monitoring plan 
could require quantification of emissions from ma- 
nure stored more than seven days. For another exam • 

pie, if the value of soil organic carbon used in mod- “ 
cling is found to differ from the true ?*alue by more 
than 15 percent, the plan might require the modeler 
to redo the calculation. 

Quantifier* would do well to gather the data they 
need to calculate baseline emissions when they are 
writing the monitoring plan, to ensure that those 
data arc available- However, if the data are not availa- 
ble. quantifiers may simply detail the methods for 
calculating the baseline without actually performing 
the calculation?. The monitoring plan should specify 
conditions under which quantifiers must recalculate 
the basdine to account for unexpected changes in 
conditions and should ensure that enough data are 
available to support recalculation If quantifiers use 
a new version of a model to calculate emissions, they 
should use that same version to recalculate baseline 
emissions 

After drafting the plan, quantifiers should esti- 
mate the costs of completing the work and determine 
that enough funding is available Verifiers acting a? 
auditors will later use the plan to ensure that devel- 
opers have implemented project activities and that 
quantifiers have taken the steps needed to calculate 
emissions reliably. 
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offset* because of unaddressed emissions, or because 
the targel trading system will not recognize the offsets, 
verifiers should make this problem dear to the party- 
seeking quantification 

Checking for Conflict of Interest 

To provide legitimacy, verifiers must be independent 
of project developers, landowners, and offset buyers, 
and must never seek to maximize or minimize offsets 
If the project dorloper hires a verifier to quantify off- 
sets. there is a potential conflict of interest, although 
that might he acceptable if the rdat ionship is disclosed. 
Having the project developer and offset buyer jointly 
select and pay the verifier reduces the likelihood of bias 
and broaden i the verifier's obligations. 

If a verifier has a continuing business relationship 
with a project developer (such as by participati ng in the 
design, selection, and marketing of projects), that per- 
son should not be verifying that developer's projects. 
Tests for conflicts of interest include the following. 

Does the party have a direct (usually financial) In- 
terest in exaggerating the amount of GHG offsets? This 
is almost always presumed of the project developer, hut 
profit-sharing mechanisms may also direct offset bene 
fits to other parties. Verifiers’ compensation should not 
be based on the amount of offsets they find. 

Does the party have an indirect interest in bias 
ing offset counts? An example of someone with »uch 
an interest would be an auditor who is also a consul- 
tant to the project developer. The auditor may reap fi- 
nancial rewards from the developer’s own financial 
health through more lucrative consulting contracts, 
and thus he or she may have an incentive to inflate 
offset amounts. Indirect interest can also be personal 
rather than financial, such as family Iks. 

Does the party hose an interest in showing that 
a project has achieved forecasted results? If a seri- 
fier projects future offsets and later becomes an in- 
dependent verifier of the offsets, he or she would be 
motivated to show that the projection* were accurate. 
Verifiers should disclose or rule out any potential con- 
flicts of interest in their reports. If significant conflicts 
of interest exist, verifiers should decline the job. 


Accrediting Verifiers 

GHG mitigation systems may establish a list of ap- 
proved verifiers based on an accreditation process and 
requirements (see Appendix 25). Systems typically ac- 
credit organizations, not individuals. That is because 
verifiers need the institutional durability and resources 
to assume liability for their opinions and attestations 
and because (he broad range of skills needed for verifi- 
cation is better provided by a team than an individual. 

Registering Offsets 

If GHG offsets are to be fungible (fully transferable 
within a market framework) each offset must be listed 
in a registry that can credibly track the offset as it en- 
ters. resides in. and exits the market. In this way. the 
regulatory agency (if it exists) and the purchaser can be 
assured that the GHG benefits from a project have ben* 
uniquely assigned to the offsets being marketed. 

Before starting verification, the project developer 
and verifier need to target a registry so they can tailor 
their work to its requirements. Though each registry es- 
tablishes its own accounting guidelines, moil are based 
on one of two principal sources The World Business 
Council for Sustainable Development and the World 
Resources Institute have developed the WBCSD/W’Rl 
GHG Protocol, which nearly every registry that sup- 
ports corporate reporting has adopted. The Intergov- 
ernmental Panel on Climate Change (IPCC) publishes 
guidelines for GHG accounting m geographically de- 
fined regions. The core IPCC guide is the Revised 1996 
IPCC Guidelines for National Greenhouse Gas Invento- 
ries. Other IPCC guides include Good Practice Guid- 
ance and Uncertainty Management in National Green- 
house Gat Inventories and Good Practice Guidance for 
Land the. Land-Use Change and Forestry. A registry 
Is fundamentally a collection of information: even the 
largest could lit stored on a single personal computer. 
Each record of offsets should include some or all of the 
foliowing: 

Serial number A unique number associated with 
the record 

Offset size: The amount of GHGs sequestered or 
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avoided. Most GHG registries define an offset as one 
metric ton of COjC. 

Offset type: An indication of whether the record 
represents an emissions allowance or offset, and pos 
sibly what type of offset * (that is. the method hy which 
the offset is generated). 

Vintage Ihc time pciiod during which an allow- 
ance is valid or emissions have been reduced. 

Account number. A code identifying the account to 
which the record belongs. 

Project identifier: A code identifying the protect 
that generated the offset. 

Status: An indication of whether the offset is still 
available for trading or has been mired or canceled 

Project developer Ihc name and contact informa- 
tion of the entity that originated the offset (regardless 
of’ who owns the offset at the current time). 

Geographic locator Preferably an explicit geo- 
graphic location of origin, or, at minimum, the geo- 
graphic area in which the offset was created. 

Units to the verification report: Unique identifiers 
locating validation and verification report* and sup 
porting documents. These reports should be backed up 
offsite. 

The registry monitors the status of offsets and allow- 
ances by requiring details documenting transactions 
and by maintaining a record of all transfers into and 
out of the registry and among participants (see Table 
II 1). Registries often require both buyer and seller to 
notify the registry of any transfer of offsets, although 
some registries allow transfers based on a request from 
the initiating account only. The transaction record docs 
not include the amount paid by the buyer, but the regis- 
try may play a monitoring role. 

In a registry, retired offsets have been permanently 
removed from trading. For example, in the Kyoto sys- 
tem. at the end of the 200* 2012 compliance period, 
each country will retire allowances and offsets equal 


to it* emissions during the period. This ensures that 
countries do not apply allowances to later emissions, 
and u also ensures the integrity of any emission* cuts. 

A voluntary registry can retire verified offset*. The 
Climate Trust in Oregon, though lacking some of the 
forma) structure of a registry, accept s GHG mitigation 
funds from customers wishing to offset tbeir emission*. 
The trust uses the money’ to fund, validate, and retire 
GHG offset project*, taking into account additionality, 
leakage, and the permanence of the offsets The buyer 
never actually takes ownership of the offset*; instead, 
he or she pays the trust to ensure that no other party 
can use them. 

Some capped markets allow anyone to establish an 
account in their registry, purchase allowance* or off* 
set*, and retire them, pushing environmental protec- 
tion above the mandated level. For instance, several 
individuals and nonprofits have bought sulfur dioxide 
allowances from the F.PA*s Acid Rain Program, thereby 
reducing total emissions 

Registered offsets are canceled— that is, disallowed 
and nontradable- when they are shown to be (I) unsup- 
ported by actual sinks or emissions cuts, (2) nonadd t 
Ilona I. (3) of improper vintage. (4) registered elsewhere, 
or (5) otherwise in violation of registry or market stan- 
dards. (The Kyoto system use* the term canceled differ 
cntly. The units are considered canceled rather than re- 
tired when participant* surrender allowance* oc offsets 
to meet compliance obligations or when entities with- 
out emissions caps acquire allowances or offsets and 
want to remove them from use.) 

Ensuring Market Integrity 

Ideally, before accepting offsets, each registry should, 
ensure that they do not appear in any other regis- 
try. However, no registries now police against mul- 
tiple registration, probably because the number of 


Table 11 1 Transaction Record. Modeled on the Kyoto System 


1 Transaction aerial number 1 Offset Usr • Initiating account j 

Acquiring account i 

Hate and time stamp 

| 479412 | 7*9312.7*9313. i CHOW 

j 7*9314... | 1 

AU 003 

i 09401123 14:32 00 ' 


MMt The time stamp occurs after ihe transfer K*\ been rtccuied and validated 
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markets is small and double registration would be 
obvious, but also because regulators usually do not 
have jurisdiction over other markets. At a mini- 
mum. registries should require parties registering off 
sets to attest that they are not registered elsewhere. 

Ensuring intermarket integrity requires more than 
preventing multiple registration. The quality and value 
ot' offsets can vary from one registry to another, de- 
pending on the market rules. For example, the price of 
each ton of C0 2 e can vary by a factor of more than JO. 
depending nn the stringency of a market’s emissions 
targets, a market’s definition of baseline emissions, and 
participants’ obligation to maintain offsets over time. 
Participants must take a close look at the market rules 
tn which a registry is operating, not fust the rules at the 
registry itself, before deciding to purchase a given off- 
set. The adage "you get what you pay for" can apply to 
offset purchases. 

Registering Reversible Offsets 

Offsets involving carbon sequestration are by nature 
reversible. A large fire can immediately release thou- 
sands of tons of carbon sequestered over years of care- 
ful forest management and kill trees that will decay 
over time, generating further losses. In a properly func- 
tioning market, reversible offsets can have monitor- 
ing costs and risks that may lower their market value. 

A reversible offset can be retired in two ways: it can 
be monitored in perpetuity and replaced if lost or it 
can be replaced with an irreversible offset after a speci- 
fied length of time. A registry could identify reversible 
offsets as temporary. In other words, land management 
offsets might remain valid only while monitoring shows 
that sequestered carbon continues to be stored and 
that the baseline remains valid. When the baseline ex- 
pires, monitoring ceases, or a project ends for any other 
reason, the offsets expire. The expiring amount ihen 
counts as an emission in the account of the party that 
retired it 

When a Registrant Dissolves 

Regulated markets do not allow registrants to with 
draw from a registry, but voluntary markets cannot en- 
force such restrictions. However, a well-organized vol 
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untary registry will establish a procedure for handling 
registrants* withdrawal. The best practice is to cancel 
offsets owned by a dissolved registrant or a registrant: 
in default. 

Voluntary registries can make two exceptions In 
the first case, a registry may post units previously 
owned by a withdrawn registrant for sale. Such a sale* 
must have a deadline tight enough to prevent the off 
sets from degrading. The second case occurs if the reg- 
istry monitors the offsets itself, either while the offsets 
are awaiting sale or arc retired. 

Allowance-based registries can exert the most pow- 
erful environmental effect by retiring the allowance* of 
a dissolved or defaulting registrant. However, marketv 
that cap emissions from a specific Industry may rea 
vonahly auction or redistribute some or all of the allow 
ances because the remaining parties can expect greater 
demand for their products when a competitor leaves, 
the market. 

Ensuring Permanence and Transparency 

As with any accounting system, a registry cannot erase 
transactions; it can only reverse them. Once registered, 
the record of offsets remains in the registry. If the off- 
sets are reversed, retired, or otherwise canceled, the 
historical record ensures integrity and allows lor au- 
dits by third parties or a regulating agency. Thus a reg- 
istry's records will grow over time. A well -structured 
registry includes separate retirement and cancellation 
accounts, even though both arc ownerless (no one can 
sell or surrender the offsets in them again). 

Registries mud make an appropriate amount of 
information publicly accessible to ensure widespread 
buy-in to the regulatory system, lhe public will want 
to know where offsets have been generated, the dale of 
their generation, and the activities that created them 
For those who wish to investigate further, public doc- 
uments should clearly describe the baseline scenario* 
quantification methods, and proportion of leakage 
These descriptions need not reveal proprietary infor- 
mation. and claiming a need to protect such informa- 
tion is not an acceptable reason to hide it. Revealing; 
more information gives buyers and other observers 
better grounds on which to judge whether claimed off 
sets are real. 
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Publicly available information should include 

-Pull records of all retired offsets. 

-The identities of active account holders (partici- 
pants who wish to remain anonymous can allow 
trustees or broken to hold offsets and perform 
trades). 

-The total amount of tradable offsets in the system 
(divided among types and vintages if the registry 
makes these distinctions). 

-Monthly data for each type and vintage of offsets 
if the registry allows trades, including trade sol 
ume and open. high. low. and closing prices of 
offsets. 

-Links to validation, quantification, and verifica- 
tion reports for all offsets. Public information 
may include abbrev iated versions of these reports. 

If the registry supports trading, participants are 
likely to have password-protected access to additional 
information, including the real time asking price of 
offsets and the total amount available. Participants also 
need to know the vintage and type of offsets and have 


full access to project records, including complete veri- 
fication reports and other supporting documents. If a 
registry does not support trading, it will need a mech- 
anism for providing this information to an exchange 
that does. 

Registry participants may not have access to all this 
information for offsets that arc not for sale. A regis- 
try’s decision on whether to make it available has little 
bearing on the quality of the market, though too much 
transparency can repel participants concerned about 
privacy. 

Parties may trade anonymously through brokers, 
as is standard practice with stock exchanges. However, 
project developers cannot remain anonymous because 
their identities are an essential aspect of any due dili- 
gence by potential buyers 

A strong registry will provides safe channel through 
which an auditor or any other party may report fraud. 
No existing system addresses this issue explicitly now* 
but registries should begin creating dear procedures 
for handling such incidents. 
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Chapter 12 

Conclusion: Putting These 
Guidelines into Practice 


Thu guide u intended to help practitioners and policy- 
makers understand and pursue the opportunity to cre- 
ate GHG otfsets from farms and forests. This is a com 
plei subject, so the production of a hook on the subject 
must necessarily Involve difficult editorial decisions on 
which technical information to include, which to refer- 
ence. and which to omit. Implicit throughout this vol- 
ume it the need to balance the use of the best meth 
ods with their costs. If the transaction costs of these 
methods are too high, land managers will not use the 
methods; If the methods used to develop offsets are not 
sufficiently rigorous, buyers will not wish to purchase 
the offsets. 

From the perspective of practitioners who will de- 
velop specific protects in the field, this guide prov ides 
a beginning route to scoping, designing, developing, 
implementing, verifying, and registering GHG offsets, 
[hose tasks will require a range of players, including 
not only farm and forest managers and their techni- 
cal consultants, but also an array of service providers 
ranging from carbon analysts to independent verifiers, 
from investors to local farm advisors. 

To support field practitioners. Environmental De- 
fense is facilitating demonstration projects that apply 
the recummendationt in this guide. In 2004. when the 
effort to produce it began. Environmental Defense en- 
tered Into several key partnerships with organisations 
representing land managers in agriculture and for- 
estry. An agreement with the National Association of 
Conservation Districts (representing 3,000 rural com- 


munities nationwide) has helped create regional co- 
operative programs with agricultural organizations 
around the country. Many of these organizations haw 
decided to develop their own capacity to serve as ag 
gregalors for individual farmers and smaller groups oC 
land managers. 

The demonstration projects include the following: 

-In Idaho, lime-sequenced reforestation projects 
will return previously cultivated lands to pine foe 
csts. with the resulting offsets aggregated by a Na- 
tive American tribe. 

-In Kansas. Missouri. Nebraska, and Iowa, several 
hundred farms are applying no till practices to 
corn rotation lands and supplying feedstock for 
biofuels, with aggregation provided by a coopera- 
tive mill. 

-In Louisiana, some one hundred producers are 
pursuing cover crops, no- and low-till farming, 
reforrstat Ion. and capture of methane from live- 
stock. with aggregation provided by slate conser 
vation districts. 

-In Michigan, hundreds and even thousands of 
small landholders are converting to rvo-till crop- 
ping and reforesting marginal agricultural lands, 
with aggregation provided by local conservation 
districts and a statewide association of conserva- 
tion districts. 

-In New York, a group of small landowners and 
dairies In the central and western region is pro- 
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discing offsets hv combining reforestation, no-till 
farming, methane capture from manure, buffer 
zones, and cover crops, with aggregation pro- 
vided by local conservation districts and a re 
gkMial resource conservation and development 
corporation. 

•In Ohio, local conservation districts and a state 
wide agricultural commodities organization are 
aggregating offsets produced through the use of 
buffer zones and no-till farming, reforestation 
of cultivated lands, and revegetation of mining 
lands. 

-In Oregon, Washington, and Idaho, over one 
hundred farms are producing offsets from no-till 
farming, not only sequestering carbon in soil but 
also lowering fuel and fertilizer use. with aggre- 
gation by the Pacific Northwest Direct Seed As- 
sociation, a nongovernmental organization with 
mostly fanner members 

-In Xinjiang province in China, farmers are us- 
ing no till farming, a provincial forest agency 
is reforesting arid lands, village authorities art 
overseeing the capture of methane from manure 
at the village level, and a provincial water author- 
ity Is reducing emissions through better water and 
fertilizer management, with aggregation by’ local 
and regional government entities, the lead agency 
being the Xinjiang Environmental Protection 
Bureau. 

Other sites and other states may join these efforts, 
expanding the diversity of land-use practices and 
locations. 

The second phase of these cooperative projects in- 
volves marketing— and ultimately selling— the GHG 
offsets Two key* activities will enhance the value and 
marketability of the offsets. One is creating a prospec- 


tus for each project, used to cultivate potential inves 
tors. Another is applying the quantification and verifi- 
cation standards outlined in this volume to the offsets 
proposed for sale. 

Fortunately, broad audiences of farmers and land- 
owners, prospective buyers, investment groups, and 
policymakers have expressed keen interest in witness- 
ing real transactions involving actual contracts and 
transparent definitions of GHG offsets. However, with- 
out a tap-and trade carbon market, demand for offsets 
will continue to be thin. A transparent, credible cap 
and trade market that includes GHG offsets cannot 
emerge, though, without policies and regulations that 
facilitate it. 

This guide is particularly relevant to efforts to cre- 
ate regulatory standards for terrestrial GHG offsets. 
When these policies and regulations are in place, they 
will spur businesses to identify the most cost-effective 
ways of reducing their GHG emissions, resulting in 
significant demand for GHG offsets. That, in turn, will 
enable L’.S farmers, foresters, and other land manag- 
ers to hdp reduce global warming while enhancing the 
value of their operations and the quality of their locak 
environ meat v 

Ihc results of the demonstration efforts noted above- 
will undoubtedly reveal the need for revisions to thiib 
guide. Continuing scientific advances in our under 
standing of how ecosystems interact with the climate 
(see for example Gibbard el al. 2005. Kepplcr ct al. 
2006) will also likely necessitate revisions. Results from 
the demonstration projects will also help inform the 
policy community on the intricacies of structuring a 
GHG emission market to effectively use offsets created! 
by changes in land management. Most importantly, the 
experiences will help secure the credibility— and shov*. 
the practicality— of farm and forest offsets as impor- 
tant elements in solving our global warming dilemma. 
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Appendix 1 

Key Factors to Consider in 
Developing a Sampling Strategy 


Four practice* arc critical to ensuring that developers 
can accurately determine their project's offsets while 
not incurring unacceptable costs. These practices are*. 
(I) paired sampling. (2) random sampling. (3) choosing 
an adequate number of sampling sites, and (4) stratify- 
ing the sampling sites when appropriate. 

Paired Sampling 

Accurately quantifying a project's GHG benefit often 
requires accurately measuring small changes in carbon 
stocks over a Urge area multiple times. That, in turn, 
requires minimising the uncertainty that arises from 
variations in sequestration from one point to another 
A paired snmp/rng strategy can address this challenge. 
Paired sampling entails measuring carbon stock at des- 
ignated locations, remeasuring those stocks at a later 
time at the same locations using the same techniques, 
and analyzing the change. Quantifiers then average se- 
questration over the entire project area and determine 
the statistical uncertainty in the average based on the 
variation from site to site. 

This approach assumes that the sampling strategy is 
extensive enough to ensure that the average truly rep- 
resents the project area. The other three strategics ad- 
dress that challenge 

Random Sampling 

Sampling will not accurately measure the amount of 
carbon a project sequesters unless the process of locat- 


ing plots is unbiased. For example, if quantifiers for 
forest projects locate plots in “nice* patches of trees, 
they will bias estimates of tree growth— and thus car- 
bon sequestration— upward. Given a choke, field crews 
will avoid establishing plots amid brush because it isi 
hard to navigate, but that will also bias sampling The 
main strategy for establishing plots to obtain unbiased! 
measurements is to sample randomly. The simplest ap 
proach to this U pure random sampling, where quanti- 
fiers use G I !> software to randomly select the Incat inn of 
each sampling site. 

An alternative to pure random sampling is system 
atic sampling with a random start. Systematic sampling 
can be aligned or unaligned (see figure A I). In aligned 
systematic sampling, field crews locate plot centers at ai 
fixed distance from each other along parallel lines that 
arc separated by a fixed distance. This approach allow* 
crews to move from one plot to the next relatively eas- 
ily. However, quantifiers must ensure that plot spacing 
does not correlate with some pattern in the landscape. 
For example, if the distance between pkits is the same 
as that from ridge to ridge, and all plots happen to end 
up near ridge lops, the sample would be biased. In that 
case, unallgncd systematic sampling may be preferable 
In that approach, project lands are divided into a regu 
Ur pattern of grids, and the sampling plots are located 
randomly within those grids. 

Systematic sampling with a random start is recom- 
mended foe large contiguous blocks of fields with more 
than 10 sampling sites per block. Random sampling is 
recommended when land parcels enrolled in a project 
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Figure A.1 1 1 lust rat Mint of systematic sampling of a project area using aligned and 
unaligncd symmetric approaches In both cases symmetric subplots arc marked off- 
shown here as squares. In the aligned case, each sample is taken at the same place within 
the subplot; in the unsigned case, the samples are taken at random locations within the 
subplots. 


are small, irregularly shaped, or narrow. Assigning plot 
locations before crews take the first field measurements 
allows either approach to work. 

Choosing an Adequate Number of Sites 

The number of sampling sites, combined with site-to- 
site variation, determines the statistical precision of 
a project's overall measurements People often incor- 
rectly assume that t lie number of sampling sites should 
reflect the size of the area being measured In fact, spa 
tial variability in carbon content across the project area 
—not the size of the area— should be the determining 
factor. 

Ibis spatial variability Is characterized in terms 
of the cvtfjtarnt of variation (CV). CV is the average 
amount that the measured change in carbon stock on 
each plot varies from the mean change of all the plots. 
If CV is small, quantifiers can rdy on a relatively small 
number of sampling plots to characterize the average 
amount of change in soli carbon over the project area. 


If CV is large, they need to use a relatively large number 
of sampling sites. 

In statistical terms. CV is the standard deviation of 
the mean divided by the mean or average. 1 For exam- 
ple. if measurements from all the sampling sites yield 
an average change in carbon stock of 2 tons per hect- 
are. with a standard deviation of 0.4 tons per hectare. 
CV would be 0.4/2 - 0.20. According to convention, the 
coefficient of variation is expressed as a percentage of 
the mean: in this case. CV - 20 percent. 

The most direct and accurate way to estimate CV 
for a given project area is to perform a pilot study that: 
measures carbon slocks at various locations before the 
project begins. If a CV' directly relevant to the project 
area is not available or attainable, analysts must rely ora 
studies of other locations. However, many such studies 
report carbon stocks but do not cite variation in indi- 
vidual plots, and the sampling protocol in these studies 
may dtffer from those of the project. Still, estimating 
the coefficient of variation from existing measurement! 
is better than merely guessing 
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Once CV has been characterized, n. the number of 
sampling sites needed for a given level of accuracy and 
confidence. Is given by 



where / is the number of standard deviations (o) needed 
to achieve the desired confidence level (typically ob- 
tained from a I table), and e is the allowable error (or 
uncertainty) in percent 

As Appendix 3 indicates, ibe change in carbon 
stocks should be accurate to within 10 percent, with 
a 90 percent confidence level using a one-tailed I test. 
Then, t ■ I J, t » 10 percent, and 

« = ^*Cv|-|0 IJxCV1 j Equ»ton Al 2 

If CV » 45 percent (a reasonable level of variabil- 
ity lor most agricultural protects), then n = 35, a very 
tractable number of sampling sites. However, because 
n varies as the square of CV. the number of sampling 
sites can rise rapidly as the coefficient of variation 
increases. 

For example, for a CV of 70 percent, n = S3, and for 
a CV of 100 percent, n - 169. Measuring changes in soil 
carbon on 169 plots is clearly much more costly than 
measuring changes on 35 plots. However, if the num- 
ber of sampling sites is too small to provide accurate 
estimates of a project's offsets, then the project may not 


be profitable. (Recall from Chapter 2 that a project's 
claimed offsets arc the calculated offsets minus statis- 
tical error or uncertainty.) If the coefficient of varia- 
tion appears to be Urge, developers will have to decide 
whether to go forward with fewer sampling sites and 
lower accuracy, to absorb the cost of installing and 
measuring many plots, or to forego the project 

In fact, prudent developers will install more than 
the minimum number of sampling sites The wwld u 
an uncertain place, and some plots may be lost as land 
is dropped from the project for any number of reasons 
If a project will run for more than a few years, develop- 
ers should install at least 15 percent more sites than the 
minimum so the possible loss of some sites will not un- 
dermine the entire project. If, as the project proceeds, 
quantifiers do not need the extra sites, they tan drop 
some to save money 

Stratifying the Project Area 

A common criticism of random sampling is that il 
does not guarantee complete “coverage" of impor- 
tant subpopulations. By chance, a random sampling 
design may not designate plots on every type of land, 
such as both forested and cultivated land Stratified 
sampling grouping similar areas expected to sec sim 
ilar amounts of change in carbon stock together and 
quantifying carbon in each group (see Figure A.2)— 
can guarantee that sampling represents ail important 
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Figure A.2 Example of stratified random 
sampling A common criticism of random 
sampling is that it docs not guarantee complete 
"coverage" of important subpopuUtions There 
is a finite chance that a random sampling 
design may fail to locate plots on every type 
of land: for example, forested areas within a 
Largely cultivated tract. Stratified sampling— 
grouping together similar areas expected to see 
similar amounts of change in carbon slock— 
and quantifying carbon in each group can 
guarantee that all land-types are sampled In the 
illustration, a simple random sample of n » 50 
was selected in the forested (left) portion of the 
land holding; a simple random sample of n * 30 
was selected in the cultivated (right) portion. 




287 


Appendix i 

subpopulations. More Importantly, if different areas 
arc expected to register different amounts of change 
(forests arc expected to store more carbon than culti- 
vated areas, for example), stratified sampling usually 
produces more precise estimates by removing stratum- 
to- stratum variation in mean outcome from the overall 
estimate of standard error. 

Quantifiers should base selection of strata bound- 
aries on biological reasoning, rather than simply com 
bining lands In a way that produces the maximum 
amount of sequestration. That means that quantifi 
its should group sites with similar amounts of change 
in carbon stock, even if the total amount of carbon in 
those groups varies. For example, consider a situation 
where the carbon stock in area A is expected to rise 
from 0 to 30 tons per hectare, the carbon stock in area 
B is expected to rise from 0 to 10 Ions, and the carbon 
stock in area C to rise from 100 to 130 tons. Areas A 
and B have the same starting carbon stock but different 
expected amounts of change. Areas A and C have very 


different carbon slocks but are expected to see the same 
amount of change. Quantifiers should group areas A. 
and C into the same stratum and place area B in a dif- 
ferent stratum The average of the carbon sequestration 
rate in each individual stratum is then determined in- 
dependently and the total for the project is determined 
from the weighted average of the strata. If the variabil- 
ity in sequestration rates across the project lands can 
be grouped by strata, the estimate of the mean for each 
stratum will have a smaller uncertainty. Subsequently, 
the estimate of the total sequestration across the proj- 
ect area, using a weighted mean, will also have a lower 
uncertainty. 

To determine how to stratify a project area, proj- 
ect developers can also use models and their knowl- 
edge of carbon dynamics. It is also acceptable to decide 
whether and how to stratify sites after fieldwork is com - 
pletc. but care needs to be taken in this case to make 
sure that the stratification imposed on the project area 
does not introduce a sampling bias into the system. 
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Quantifying Inadvertent 
Emissions from Project Activities 


The activities that project managers pursue to seques- 
ter carbon usually create some Commissions, and they 
may change emissions of methane and nitrous oxide. 
Ihe use of fossil fuel in managing project bods can 
produce the former, for example, while the use of fenil 
i/cr and changes in irrigation and tilling practices can 
affect the latter In addition, all three gases arc emitted 
during fires While methane and nitrous oxide emis- 
sions may be relatively modest, they can still be impor- 
tant because their GWPs arc considerably larger than 
the GWP of CO : (see Chapter 2f When these emissions 
occur on project bnds or are caused by project aettvt 
ties, quantifiers must account for the net change in 
emissions, usually by using relatively straightforward 
methods. 

Carbon Dioxide Emissions 

Inadvertent CO. emissions most often occur from fos- 
sil fuel use and from fires 

Fuel use: CO : emissions from the use of fuel In prof 
ect activities are usually small relative to the amount of 
carbon sequestered in wood— typically I to 5 percent 
of that amount. Propel developers can therefore sim- 
ply keep track of the types and amounts of fuel used 
during project operations and then use standard con- 
version factors to transform this information into CO, 
emissions (see Table A.l). 

fires: Landowners sometimes use fire as a manage- 
ment tool, especially in forest projects Wildfires also 


sometimes break out on project bnds. despite the best 
management practices. These fires produce CO, emis- 
sions. and quantifiers may or may not have to account, 
for them, depending on the project. 

Carbon sequestration projects usually' do not have* 
to track such emissions separately because fires deplete 
carbon stocks on project lands, and any measurement 
of biomass carbon stocks will therefore account for 
them. Biomass measurements made at or alter the start 
of the project and before the fire indicate the amount of 
fine and coarse fuel. A fire expert can observe the sue 
after a fire and estimate the amount of biomass remain 
mg. Tire management agencies may also have models 
or measurements that estimate the amount of material 
burned In wildfires within the project area. Although 
estimating the area burned can be problematic, espc 


Table A 1 CO, Emissions from Burning Fossil Furl 


Fuel 

Pounds of CO } 
pe. g>Uw 

Metric inns of CO 2 
per gallon 

000**7.1 

j Gasoline 

19 564 

DiesH 

22.3*4 

00101 M) 

i Aviation 

1 gaiotinr 

IS.355 

000*3257 

1 

Kerosene 

2L5J7 

00097691 


Scant U S, Department of Energy. Energy Information 
Administration (httpyrwww_rtidoe.gov) 
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dally when fire is patchy, a fair amount of uncertainty 
in the tons of dry matter burned b acceptable because 
emissions should be modest. Quantifiers can use what- 
ever information they obtain from a moderate amount 
of investigation and use the default conversion factor of 
94 percent to estimate emissions. If these emissions arc 
less than 5 percent of net carbon sequestration, such es- 
timates are adequate If these emissions are larger than 
5 percent of net sequestration, quantifiers should iden 
tify the rate of uncertainty in the estimate and use a 
high estimate of emissions or improve the reliability of 
list estimate. 

Methane and Nitrous Oxide Emissions 

Methane (CH 4 ) and nitrous oxide <N,OJ arc green- 
house gases with GWPs of about 20 and 300, respec- 
tively. so quantifiers must take them into account when 
assessing a project’s net greenhouse benefit Both gases 
can be emitted from the burning of biomass and from 
soils and decaying organic material (such as forest lit- 
tcrtall. mulch used on croplands, or manure stored in 
a lagoon). Small amounts are also emitted when fossil 
fuels arc burned, but quantifiers do not have to account 
for these emissions because the global warming impact 
is smalt (Nitrous oxide emissions from vehicles are 
very small. Even multiplying by the high GWP of ni- 
trous oxide, nitrous oxide emissions from vehicles arc 
estimated to have a net global warming impact of about 
2 percent of that of CO, emissions from these sources, 
methane emissions on the order of 0. J percent. 1 ) 

While quantifiers must otten account for methane 
and nitrous oxide emissions, rdiably measuring them 
is a challenging task that can require significant hu- 
man and monetary resources. For example, measur- 
ing methane and nitrous oxide emissions over a one 
year period from even one field can cost S 50.000 to 
5150.000— far more than the value of offsets most proj- 
ects can generate. Quantifiers should therefore rely on 
model simulations, conversion factors, and empirical 
equations to estimate these fluxes (sec the next section 
and Chapter 10). 

Fires Quantifiers can estimate methane emissions 
from fires as a function of their combustion efficicn 
ciet, 1 using the factors in Table A.2 Two fundamental 


points are dear. Smoldering, smoky fires— those with 
combustion efficiencies of 0.9 or less— produce much 
more methane than hot. nonsmokv fires. However, the 
methane-related warming effect even from smoky fires, 
is small relative to the warming potential of CO, emis- 
sions from burned vegetation 

For example, for a combustion efficiency of 0J8, the- 
warming effect of methane released by the fire is only* 
about 5 percent of the warming effect of the CO, re- 
leased by that fire. In hot, low smoke fires, the warm- 
ing effect of the methane is less than 2 percent of 
l he warming effect of the CO r Because fires lend tm 
bum in a patch pattern, with different intensities at 
different locations, quantifiers will probably find more* 


Table A 2 Methane Emissions from Fire, 
by Combustion Efficiency 


Combustion 

efficiency 

CH # emitted 
(Mg a 1,/Mg 
dry matter 
i burned) 

Warming effect of 
CH 4 emitted as a 
proportion of the 
warming effect of the 
CO, from tombsiii ton 
(CMj| GWP • 23) 

(Mg CO, cV Mg CO,* 
in biomass) 

0M 

0 0042 

0.06 

0V 

(LOOM 

0.047 

091 j 

INN 

004 i 

0.92 

00026 

0035 

0.93 

00023 

0.031 

0.94 j 

00019 

0025 

' 0.95 

00015 

0020 

0.96 

0.0011 

0014 


.Vain Nk - megagrams. or metnc tons. GWP = global 
warming potential The CO,r of emitted CH, is given as a 
proportion of thr total CO, emitted by the fire. The CO,c 
of emitted CH 4 as a proportion of the CO, removed from 
the atmosphere and sequestered at carbon in baomatt 
would be tbghtly lower Combustion efficiency u defined in 
note 2 Note that fires may base lower combustion efficiency 
and thus higher methane emissions. 

Sounr The amount of CH, emitted as a function of biomass 
is front 1PCC (2000). citing Ward el al 0996) 
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Table A 1 Nitrous Oxide Fmitted per Ton of Dry Matter 
Burned, as a Function of Nitrogen to-Carbon Ratio in 
the Dry Matter 



kg N } CVton of 

N.C ratio in % 

dry nutter burned 


0<M2*4 

06 

006406 

«* 

0.06528 

rv_ 

0.0765 

u 

00*772 


009*94 

1.6 

0.1)016 

11 

0)213* 


l> IW 


0.160*6 


OIBS7 

33 

0.2)675 

4 

02448 


Sate. These calculations assume L7 metric tom ot CO ; 
ermtted per ton of dry mailer burned tin this case, different 
kinds of tropica) vegetation I 
Sourer Equation 2.2.1 proposed by IPCC 12000}. 


than 5 percent uncertainty in the total amount of bio- 
mass burned. With this level of uncertainty, the entire- 
warming effect of the methane emissions would be lesv 
than the uncertainty in the C0 2 emissions- In projects 
that sample biomass comprehensively, biomass mea- 
surements should capture the impact of the COj emis- 
sions. In these cases, a comprehensive estimate of GHG 
emissions and sinks should include methane emissions, 
from fire. 

Burning vegetation also produces nitrous oxide. The- 
Intergovernmental Panel on Climate Change (IPCO 
suggests a default emissions rate that Is a linear func- 
tion of the amount of carbon burned and the ratio of 
nitrogen to carbon in burnesl biomass. (The IPCC dkfl 
not formally adopt this method.) The IPCC equation 
for calculating the mass of N* 2 0 emitted is 

Ratio - 0.000012 « (OOOOQJt x (MC ratio)) 

Equation A2 1 

where Ratio is the number of tons of NjO emitted per 
ton of CO, emitted, and N:C ratio is the mass of nitro- 
gen in the burned biomass divided by the mass of car 
bon in that biomass times 100 (that is. expressed as * 
percentage). 

If they lack site-specific data, quantifiers can assuriM- 
that a ton of dry matter burned emits 1.7 tons of COj- 
Table AJ provides examples of nitrous oxide emissions 
from different types of tropscal vegetation For all thr 
types of forest tested, the warming effect of the nitrous 
oxide was less than 2 percent of the warmtng effect of 
the CO, emitted from the fire. 

SotJ and decaying organic matter Chapter 9 provides 
methods tor estimating these emissions and suggests 
land-management practices that can minimize them, 
for which protect developers may receive offset credit. 
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Using Statistics in 
Quantifying Offsets 


Simply pul, statistics help quantifier! design an effec- 
tive strategy for assessing greenhouse gas benefits and 
(once sampling is complete) tor calculating the amount 
of offset* and the unceftainty in that result. Consider 
a forest project where the quantifier needs to know 
the average diameter at breast height of all the trees 
One option is to measure every tree. However, that ap 
proach i* not practical for a large forest. Another op- 
tion is to sample a subset of the trees and infer the av- 
erage for the entire population from the the sampled 
subset Hut how many trees does the quantifier need to 
sample to get a satisfactory answer— that is. an average 
that b acceptably close to the real average? And after 
conducting the sampling and calculating the average, 
how do quantifiers know how close the resulting aver- 
age is to the actual average? Statistics help answer these 
questions 

The methods described here apply to all types of ter- 
restrial GHG offset project* that u*e sampling rather 
than modeling Quantifiers can reh on these relatively 
straightforward equations 10 calculate both the amount 
uf offsets a protect produces and the uncertainty in that 
result 

Definitions 

Thb section describes populations, samples, and kinds 
of dispersion across samples. An analysis of these attri- 
bute* shows how likely it is that a set of sample obscr 
vat ions accurately reflects the population from which 


the samples are drawn. Table Ad provides a list of the 
various parameters used to carry out this analysis, and 
Tabic A.5 contains a hypothetical data set used to illus- 
trate the application of the concepts discussed here. 

Population 

The statistical population 0 / measurements* often re- 
ferred to as simply the population, is the set of mea- 
surements of a certain feature of a finite collection of 
obtest* For example, consider the height of trees in a 
forest Hand (see Figure A.J). The actual mean height 
is not necessarily the same as the mean height of the 
population, since the latter is based on measurements 
of a subset of the total stand. The heifer the sampling 
strategy, the more representative the population will be- 
of the actual forest stand, and the more likely the two- 
mean* will be comparable 

Sample 

A sample is a subset of the population, such as a set of 
measurements of a certain feature on a subset of the 
objects of interest. A sample may be measurement* o( 
the heights of 1 percent of the trees in a forest stand or 
the average amount of carbon in the top 10 centimeters 
of soil in a core from the center of each of 30 square- 
meter plots selected from the grid partition on the la nJ 
unit (Figure A.4). Because a well-designed sample cam 
provide information about (he entire population. Star- 
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0 10 » JO 

Iftf hcifHtt Ml "M»n 


Figure A3 The distribution of tree heights in 
a (inrest stand. Hw Kars represent a histogram 
of measurements of a population or subset of 
trees measured the solid line is an idealized 
representation of these measurements, avium 
ing a Gaussian or bell shaped distribution, re- 
ferred to as continuous density plot Continu- 
ous-density plots are demrd from the mean 
and dispersion— oe standard deviation -in the 
population, assuming that the individuals in 
the population have a Gaussian distribution 
(follow a 'bell curve*). For this discussion it is 
not necessary to understand exactly how the 
plot is derived. 

Self. The information shows a mean of 
12 meters, a standard deviation of 2.23 meters, 
and a variance of 5 square metrrs 



forest waft sampSn* grid 



Figure A. 4 Hypothetical sampling of tree heights for the forest depicted in Figure A-' 

(a) Forest outline with a )0x 10 m* sampling grid, and the locations of 25 randomly 
selected plots that compose the sample marked by dots. 

(b) Histogram of the sample of measured tree heights (normalized to thousands of trees 
per hectare!, superimposed on the actual density of tree heights for the entire population. 
In this hypothetical example the random sample yields a mean of 135 meters, while the 
actual mean for the population is 12 meters 


veys can be designed to measure a sample of a popu 
lation at a small fraction of the cost of measuring the 
entire population. 

Note that the term Ktmpir denotes the measurements 
of a subset of object* chosen from the entire popu 


lalion. If the measurement of interest is obvious from 
the context, people often refer to the subset of object* 
(such as trees or square raetet plots) as the Mmplt 
rather than the objects’ measurement*. This usage can 
cause confusion, even though U Is common and used 
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here oci occasion as shorthand Strictly speaking, the 
object* theimdvc* are the sampling units, and the tnea 
surements of interest are the sample observations. 

Another potential source of confusion is the dis 
tinction between the sampling unit pet se and the phys- 
ical sample manipulated by the measurement proto- 
col. For example, a cultivated held may be considered a 
population of l-squarc-meter sampling units, whereas 
the measurement protocol may simply call for tak- 
ing a 6-centimeter dumeter soil core from the center 
of each sample unit- In terms of sample selection, to- 
tal population size, and so forth, the sampling unit it 
a l square -meter plot, but in terms of actual measure- 
ments, the sample unit is the core. 

The following examples often treat the plot and the 
core as equivalent. Treating the core as equivalent to 
the 1 square meter plot assumes that the plot is homo- 
geneous enough that the core accurately represents it. 
The dcvii nelson is mainly important in the Initial stages 
of developing a measurement protocol, as it raises the 
question of measurement sea Ic. how much of the sam- 
pling unit must he measured to achieve the desired 
accuracy? 

Parameters and Statistics 

The sample’s representativeness determines the qual- 
ity of the inference of a property of the population 
from the sample. Note that assessing representative- 
ness requires first defining the characteristic^) of in- 
terest in the population distribution: the center, disper- 
sion. symmetry, grneral shape, and so on. Quantifiable 
population characteristics arc termed parameters and 
denoted by lowercase Greek letters (see Table A.4). These 
are the actual and constant quantities that characterize 
the population that we want to estimate through um 
pling. The sample-based estimators of the actual pa- 
rameters are called statist Us and are denoted by Roman 
letters For example, the estimator of the actual popu- 
lation mean, p, is denoted by y . and the estimator of 
deviation of values from the actual mean, a, is denoted 
S. A key distinction is that a parameter is an unknown 
constant, whereas a statistic s value varies from sample 
to sample and hence is a random variable. 


Common Characteristics and 
Their Associated Statistics 

Center 

The most common measure of central tendency is the 
arifhmrfjc mean or aye rage The mean ts a poor sum- 
mary for skewed <ie., nomym metric) distributions be- 
cause it is heavily influenced by extreme observations. 
More robust measures for central tendency include (I) 
the median, the middle value of the sorted observations 
(for an odd population or sample size) or the average of 
the two middle observations (for an even population or 
sample size), and (2) the trimmed mean. A 10 percent 
trimmed mean is calculated by dropping the smallest 
10 percent and the largest 10 percent of the observations 
and then calculating the mean of the remaining obser- 
vations. The population mean is denoted by p. the sam- 
ple mean by y. 

Dispersion 

The most common measure of dispersion is the mrb 
anee. The definition of variance uses the mean, so 
this measure has limited interpreubility for skewed 
distributions The variance, a sum of squared values, 
is expressed in squared units. The square root of the 
variance, known as the standard deviation. is morr 
commonly used since it is measured in the same unitv 
as the mean (see Table A.4). The population variance it 
denoted by a 2 , the population standard deviation by a m 
the sample variance by 5 J . and the sample standard de- 
viation by S (sometimes lowercase s is used). To distin- 
guish the standard deviation of a population from the 
standard deviation of a summary statistic, such as the 
standard deviation of the population and sample mean, 
the Utter are denoted by a f and S, , respectively (see 
the section below on the standard error). 

Coefficient of Variation 

The coefficient of variation is a unitless measure of rela- 
tive variation: the standard deviation divided by the 
mean CV - otp and CV • Sly . for the population and 
the sample, respectively. 
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Table A a Common Distribution Characteristics. Associated Population 
Parameters, and Sample (Measured) Statistics 


Characteristic 

Parameter 

Sample statistic 

Example' | 

Size; * of measurements 

N 

" 

36 

Center 

Mean 

M 

M 

18.67 

Median 


i| n« 2m+ 1 

„ s2jn 

18.32 

10% Trimmed Mean 

Poio 

Drop the smallest 10% 
of the observations and 
largest 10%. then calculate 
the sample mean on the 
remaining observations. 

18.52 | 



Ihsptnion 

Variance 

0 1 

/•J 

Ut 

Standard Deviation 

o 

1 Ml 

2.30 

Coefficient of Variation 
(CV) 

1 

Sly 

0.123 

Standard Error 

0 y = 0/ >/W 

S r =Slsfi 

0.38 

Shape 

Skewness 

Y 

±h*-vf / 

- A 

1.163 


Notes: The sample statistics assume a simple random sample design. The second-to-last 
column shows the sample statistics for the data on soil carbon (metric tons C ha' 1 ) in 
Table A.S. The sample statistic for the median differs depending on whether the sample 
size is odd. n = 2m *1. or even; the /| m] denotes the m' h smallest observed value (the m ,h 
rank statistic). 
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Table A 5 Hypothetical Sample Data Used to Calculate Sample 
Statistic* in last Column of Table A.4 


DM 

14.55 

14.43 

, ».» 1 

i 1*19 ' 

' IT*) 

22 6* 

1446 

26.84 

Ll^J 

148* | 

14.32 1 


IX 04 

17.29 

2047 

1X42 | 

| 21.99 

1*64 1 

1 W5 * | 

174* 

1549 

IX 14 

1759 

1774 

1673 | 

1**2 

[ 1518 1 

1 9.** 

20.65 | 

| 17*4 

1 20.22 

17.94 

WAX 

1732 | 

1 I7J9 


Note. Each number represent* a measurement of toil carbon (metric toot 
C ha ') in 30 centimeter* of core depth at one of 36 randomly selected plot* 
within a project area. 


Standard Error 

In an offset project, the mean value of a sample is typi- 
cally used to represent the quantity in the population, 
such as the amount of carbon that a no till project 
stores in soil or the amount of methane that a manure 
project captures. But because the mean value is based 
on measurements of a subset of the population, a quan- 
tifier must also determine the uncertainty or error In 
the sample mean— that is. how different y is from Js . 
The standard deviation. 5. is often mistakenly thought 
to be a measure of the error In the mean. That Is not 
the case. The standard deviation simply tells us how 
widely the individual measurements in the sample 
vary around the mean value and thus how measure- 
ments vary from one random observation to another 
It describes the distribution of values in the population 
and. at least in principle, does not depend on the sam- 
ple sire or strategy 

The uncertainty or error in y. referred to as the stan- 
dard error (as well as the standard error of the estimate 
or the standard error of the mean) and denoted by the 
symbol Sf is given by 

Sj <= S/Jn Equation A) 1 

where S is the standard deviation and n is the sample 
star. 

Thus as the population becomes more variable and 
S increases, the standard error of the mean also in- 
creases. That is. as the population measurements be- 
come more dispersed, using a limited set of measure- 


ments to accurately represent the population becomes, 
more difficult. On the other hand, the error decreases, 
if the sample size increases because the Investigation is- 
measuring a greater number of individuals. 

Shape 

The most important shape characteristic is symmetry, 
measured by skewness (see Figure A.S). Often, skew- 
ness is not quantified but simply noted from a graphi- 
cal display of the observations Positively skewed dis- 
tributions have long nght tails with a few very large 
values and a positive skewness parameter, y >0. Nega- 
tively skewed distributions have long left tails and y <0, 
and symmetric distributions have y ■ 0 

Many commonly used statistics are reliable only- 
if the distribution of the population is normal, which, 
means that it is symmetric Many populations, how- 
ever. are skewed. For example, in the population ofl 
all the trees in the world, there arc many more little 
trees than big trees Fortunately, techniques for sam- 
pling and analysis allow the sample to be normally dtt 
tnbuted even if the underlying population is not. This 
discussion assumes that the population and sample arc 
close enough to normal distribution that the statistic* 
in Table A.4 can be directly applied. (Foe a more de- 
tailed discussion of methods for addressing the prob 
lem of skewed distributions, consult an introductory or 
Intermediate statistics textbook ) 
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symmetric divtrtxjbon 


skewed Ostnbcrt »on 




Figure A. S Illustration ot a normal (a) and skewed (b) distribution with tkcwncs* 
parameter y > 0. Many population* can be * kewed. For namplc. in the population 
of all the tree* in the world, there are many more little tree* than big tree* and thus a 
plot of thi* population would tend to look more like (b) than (a). In this figure both 
plots are represented as idealised continuous-density plots, with no data shown for 
negative numberv For each plot the solid vertical line marks the population mean, 
while the dashed line marks the population median Because the normal distribution is 
symmetric, the mean and medium overlap 


Standard Error. Confidence Levels, 
and the Student i Test 

The standard error. S y . has a specific statistical signifi- 
cance: there is a 68.26 percent probability that the ac- 
tual population mean. u. is within one standard error 
of y That is. there is a 68.26 percent probability that 

Equation A3.2 

There is also an 83.6 percent probability that 

(/-$,)<* Equation A3. 3 

and that 

Equation A3.4 

Equation A3.2 is often referred to as a two-tailed 
test; the p must lie within plus (♦) and minus (-) one 
standard deviation of y —that is, it applies to both tails 
or sides of the distribution. Equations A3.3 and A3.4, 
on the other hand, are referred to as one-tailed tests 
because they apply to only one tail of the distribution. 


Within this context, the probabilities of 68.26 percenL 
and 83.6 percent are referred to as the turn tailed ami 
one-tailed confidence levels of the standard error. Be 
cause the two-tailed test is more stringent than the 
one-tatlcd test, for a given confidence interval, the con- 
fidence level for the two tailed lest is less than that ofi 
the one-tailed test for the same value of the standard] 
deviation. 

A quantifier usually needs to know that offsets ex* 
ist with at least a certain level of statistical confidence. 
This book recommends a 90% confidence level. The 
Student’s t teit is used to calculate the confidence Inter 
val, for a given level of statistical confidence: 

Confidence Interval » I * S f Equation A J 5 

where S f is the standard error of the estimate and the 
value of r is a function the selected confidence level and 
the degrees of freedom of the sample (see Table A-6)„ 
The number of degrees of freedom »* the sample w re- 
in l nu* the number of variables. I values are typically- 
denoted with the probability in the tail of the distnbu 
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lion. With this notation. i 0 10 has 10% of the probability 
in the tail of the distribution, and thus has 90% not in 
the tail. When performing a one tailed test, this rvalue 
would give a 90% confidence interval Subtracting the 
confidence interval from the mean estimated amount 
of offsets gives the amount of offsets for which there U a 
90% level of statistical confidence that the true amount 
of offsets is at least the claimed amount. 

As an illustration, consider the example used in 
Table A.5 of samples of soil carbon content on project 
lands. Recall that y » 18.7 melnc Ions C ha'*,SL » 0.38 
metric tons C ha' 1 , and n • 3b For a one-tailed confi- 
dence level of 90 percent. Table Aj6 reveals that t - I J, 
and so 

U) <038 Mg C ha* 1 )- 

0 49 - 0.5 metric tons C ha" 1 

In other words, there is a 90 percent probability that 
the actual soil carbon content of project lands is greater 
than or equal to 18 7-05 • 18.2 metric tons C ha' 4 . 

Because the major concern in offset projects is to 
avoid overstating greenhouse benefits, quantifiers can 
usually calculate the error in the mean using a one- 
tailed test instead of a two tailed test. In most cases, 
a confidence level of 90 percent is best. And. as dis- 
cussed in Appendix I. the sampling strategy should be 
designed to achieve an error in the mean of 10 percent 
or less at the 90 percent confidence level. Appendix 1 
shows how to do that using the statistical concepts cos- 
ered here. 

Table A 6 Student I Test: Values of f as a Function of 
Confidence Level. Sample Size (n>. and Type of Test 


Confidence level: 
oiw-tail leu 

25% 

90% 

95% 

975% ! 

Confidence level: 
'wo-tari test 

50% 

50% 

90% 

95% 

Degrees of 

Freedom - n -1 





i 

1.000 

1078 

6314 

12-708 

2 

0616 

1886 

2-920 

4 30) 

3 

0.765 

1-638 

2JW 

£.62 

4 

0741 

153) 

£l« 

2776 j 


5 

6 

P- 


10 

fir 

Hr 


| 07 27 1 1. 476 j 2015 | £571 | 

0.7H | 1.440 L9«) | £ 447 j 

I 0.711 1415 j 1*95 . 

| 11.706 I LOT 1660 2J06! 

"T" 0.70) |J»J [ 16)3 | £26)1 

— — 


U72 


1612 | 2.226 ] 

1 

0 .697 136) | 1796 j 2-201 

0695 ! 1-146 1.7*2 | £179 


tz= 


19 



L» 

06*7 

1-325 

L725 

1 

2.006 | 

| 21 0.688 

1.323 

1.721 

2.080 

22 

0.686 

1521 

1717 

2.074 1 

|r, 

0.685 

LH9 

1.714 

2.069 

24 

0.685 

1-318 

L7I1 

2 064 | 


0684 

1)16 

1.708 

- JM0 J 

26 

0684 

1.315 

1.706 

£05* 1 

g „ 

0684 

liM - 

170) 

2052 

[a 

0.683 

uu 

1.701 

2048 

29 

068) 

un 

1699 

2445 

1 30 

0683 

1.310 

1697 

£042 

40 

0681 

DO) 

1.684 

2421 

50 | 0.679 

1.299 

1.676 

2.009 

60 

0679 

'•2»LJ 

1 i 

2.000 

i” 

0678 

1294 

1667 

1.994 

EZZ 

0678 

1.292 

1664 

1990 

90 

0677 

1.291 

1662 

1997 

I HW 

0U677 

1290 

1660 

1.984 

' - 

0674 

Ll^j 

1645 

1.900 
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Calculating Levelized 
Costs and Benefits 


Once developers and buyers have selected a discount 
rate and determined when a project's cosu and bene 
fits will occur, they can calculate the k-vdized cost of 
offsets. When costs and tons of offsets each accrue in a 
single period (but not necessarily tn the same period), 
the levelized cost is 


U>xluedCoss 


| Ont/KUdl*) 
‘toiu/M ♦<*)'» 


equation M l 


where Cost and Tons are the undtscounted amounts. 
d is the periodic discount rate, n ( is the n ,h period in 
which costs occur, and n f is the n lk period in which 
Ions accrue. 

Conwdcr the hypothetical projects cited in Chap- 
ter 4. One protect would deliver H) tons of offsets right 
now. for a payment of $100 right now. Because payment 
and delivery occur at the same time, the undtscounted 
and levelized prices per ton of offsets are the same: SK> 
per ton. Now compare this with the price per ton for a 
project that delivers 12 tons in 10 years, for a payment of 
$90 in year 3. The undiscounted price for this alterna- 
tive is $7.50 per ton. which sounds attractive. However, 
now calculate the levelized cost, assuming a 6 percent 
annua) discount rate and payments and deliveries that 
occur at the end of each year. 


$11.26— significantly higher than the cost of $10 per tor* 
now to obtain offsets now. In this light, the alternative 
of waiting M) years to receive the offsets looks consid- 
erably less attractive than simply creating or buying 
them now. 

Analysts often use a discount rate of 4 percent per 
year to evaluate public investments. Using the standard 
4 percent discount rate lo level i/e the same stream of 
costs and benefits yields 


LtvtiueJCui ■ 


Gur/ltl » rfP 1 a + 004)*) 

TtmUU ♦ dr 1 " IZ/W-OjOO*) 


1*00! 

Ml 


In this example, changing the discount rate changes 
the rank of the alternatives. The levelized cost of offsets 
shrinks to $9217 per ton slightly less than the level- 
led cost per Ion of the deal that occurs immediately. 
All other things being equal, investors would choose 
the option of waiting three years before making their 
payment. 


Discounting Streams of Costs and Benefits 

Project i will often yield offsets ami incur costs over 
several years. In that situation, analysts can perform 
the calculations for each year and sum them: 


levrOitJCort 


CntHll+jr) S*0*<l+OOSt'> STS 57 

■ — 1 --v ■ • EJ— ■ — ■III 21 

IwwrUU/n I2/UW0 j®0T) *70 


The present value of the 12 tons delivered 10 years 
from now is only 67 tons, pushing the levelized cost to 


XCa,r, /((I ♦<<)') 


LryttarJCost ■ 

1-0 


Equation A4 2 
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Table A.7 Hypothetical Offset Project* with Different Stream* of Cods and Benefit* (to Tons) 


1 

Project A 

hojKII 

Year 

l_er 

Tons 

Discounted 

COM 

Discounted 

tons 

Com 

1 Discounted 

Tom | cost 

Discounted 

tom 

t 

11000 


1961.54 

0 

1100 

100 $96.15 

96.15 

2 

1100 


1462.28 

0 

1100 

100 

92.44 

1 

1100 


IMS'*) 

0 


100 | 0 

889 

4 



0 

0 


40 

• 

MW 

t 

1100 


M2 19 

0 


40 

0 

32.88 

6 


too 

0 

79X11 

1300 

40 

$237.09 

3161 

7 


too 

0 

7599 



0 

0 

» 


100 

• 1 

7507 



0 

0 

9 


KK> 

0 

70-26 

1500 



0 

10 

INK) 

too 

16756 

6756 

11000 


$67554 

0 

Total 

11000 

MM) 

$1662 50 

365.91 

12000 

420 

$1452.60 

376.19 

Undiscountcd i/Ion 

lev clued 1/1 on 

13.60 


$4 76 



14 54 



UI6 


Sou Ihc uKlr luufltft a 4 percent annual discount rate, and that cent* and ton* accrue at the beginning o( each year. 


where Corf, and Tom t are the undiscountcd amounts 
that occur in each period I, from period 0 to period T, 
and 4 is the periodic discount rate. 

Consider an example whetc costs and tons lor two 
projects accrue over sevrral years (see Table A.7). As 
with many offset projects, the coats of Project A occur 
near the beginning, whereas most of the tons of offsets 
accrue later. Project B delivers offsets toward the begin- 
ning of the project (because protect emissions converge 
with baseline emissions within a few years) while most 
of the costs occur later 

Project A delivers 500 tons of offsets for $1,800. which 
is an undiscounted cost of $3.60 per ton Protect B de- 
livers 420 tons for $2,000. which is an undiscounted 
cost of $4.76 per ton. However, because of the timing of 
costs and delivery of offsets, the levdized cost is greater 
than the undiscountcd cost for Project A. whereas the 
kvcii 2 cd cost is lower than the undiscountcd cost per 
ton for Project B. 


Spreadsheet software can easily determine Iodized 
costs and benefit* if analyst* use one line for each ac- 
counting period. The discounted costs can be summed 
the discounted benefits summed, and the Iodized cosl 
calculated. 

Weighing the Present Value of Offset Rentals 

Depending on the market price of offsets, a landowner 
may nor be willing to commit to permanently main- 
taining offsets or replacing those offsets If they arc loci 
through unplanned disturbances. However, the land- 
ow ner may be willing to commit to creating and main 
taming offsets for several years In essence, temporary- 
or rented, offsets defer emissions until a later time. 
Prom the perspective of the buyer, or renter, the value 
is the cost of offsets now minus the prevent value of the 
cosl to replace the expiring offsets in the future 
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Where RrntolValue, is Che reasonable value of the 
rental of otTsets for t periods, Repiactmtnt Is the prkc 
of acquiring permanent offset* at the end of the rental 
period, d is the periodic discount rate, and PrictNow 
is the price of permanent offsets now. The rental value 
would also be adjusted for transaction costs and risk. 

For illustration, assume that the price of permanent 
offsets is $H) and does not change, transaction costs are 
mo, there is no risk, the periodic interest rate is 4 per- 
cent per year, and the duration of the rental is 10 years: 

fUntuIVulue^ = 
io-[ — !2 _).io- 

ui.imr; Vi, al 

As the interest rate rises and the term of the rental 
lengthens, the present value of replacing the offseis at 
the end of the rental term shrinks toward zero, and the 


Table A S The Value of Offsets Rented for I>ifferrnt 

Periods of Time 



2% 

4% 

«% 


1 Term in i 

discount 

discount 

discount 

discount I 

! )«n 

— 

rate 

r 1 

rale 

rale 

rate 

5 

9% 

18% 

25%~J 

12% j 

to 

18% 

12% 

44% 

54% 

ts 

26% , 

44% 

38% 

J 

68% 

■ 1 

I 10 

13% 1 

~“V 

L_*^J 

79% i 

L* . 1 

39% | 


i 77% 1 

83% 

1 30 

45% j 

69% 

83% | 

90% 


i Vote*. This table provides rental vaioet for different contract 
lengths and interest rales, where the renter pays the full 
value of the rental at the beginning of the rental period. If 
the number of offseis rented changes during the term of 
the rental. analrUi would calculate value of the rental for 
each period, and discount those valors, and then sum those 
discounted values. 


Calculating levelled Costs and Benefits 

value of the rental approaches the value of permanent 
offsets (see Table A JX 

Several factors can change the price a company will 
pay to rent offsets— beyond the expected cost of rcplac • 
mg them at the end of the rental period For example, 
the renter will add the transaction costs of acquiring 
permanent offsets later. Buying offsets before they are 
created and renting reversible offsets are both more 
risky than buying irreversible offsets that already exist. 
If the expected periodic rate of failure equals the dis- 
count rate, the rental has no value. 

The Impact of Changing Offset 
Prices on Rental Rates 

These calculations assume that the cost of perma- 
nent offsets remains constant. However, a change in the 
prise of offsets over time affects the value of a rental. 
Consider a situation where the cost of permanent off- 
sets rises at the discount rate. Because the present value 
of the cost of future replacement offsets equals the price 
of permanent offsets today, the value of a rental is zero 
Transaction costs would make the value of the rental 
negative. 

If the price of permanent offsets is expected to rise 
faster than the discount rate, then the vahie of rent- 
als is negative. That is because the present value of the 
cost of replacing the expiring offseis is greater than 
the cost of simply buying permanent offsets now. If the 
price of permanent olfsel-s rives over time but at a rate 
slower than the discount rate, then this rise reduce* 
the value of the rental but does not eliminate it. If the 
price of offsets falls over time, a rental allows a buyer 
to avoid acquiring expensive permanent offsets today 
and instead mitigate emissions with less expensive pet 
manent offsets later Thus falling prices of permanent 
offsets make rentals of offsets more valuable A buyer 
will generally choose permanent offsets instead of rent- 
als if it is cheaper to buy offsets or make internal emis- 
sions cuts. In no case will the price of a rental exceed 
the pnee of permanent offsets today. 
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Categorical Additionality 
and Barrier Tests 


In many carbon trading systems, additionality is an 
either-or proposition lhal is. a protect is cither deemed 
additional and can therefore proceed, or it is deemed 
not additional and cannot proceed. This type of sys- 
tem. known as categorical additionality, often relics 
on two criteria to |udge additionality: commercial- use 
tests and barrier tests. 

Commercial-Use Tests 

Many carbon-trading systems consider projects as ad- 
ditional if the offsets they create will stem from "non- 
commercial* management practices For example, if a 
project Installs a manure digester to reduce methane 
emissions, and the only other digesters in the coun- 
try are demonstration facilities financed through gov- 
ernment grants, then the project is additional because 
farmers do not operate digesters commercially. 

Different GHG mitigation systems set different 
thresholds (or what counts as noncommercial Most 
systems require that no more than 5 percent of installed 
capacity, or no more than 20 percent of new facilities 
and activities, use the project technology. The defini 
lion of "new" is usually about four or five years old. 

Given the arbitrary nature of commercial use. how 
can regulators and offset retailers decide how best to 
employ such a test to determine additionality? A good 
rule of thumb is that the threshold for additionality 
should balance supply and demand for offsets so that 
their price is reasonable for buyers but they also pro 


vide a worthwhile return for Landowners and project 
dcveloperv With this approach, regulators would im- 
pose strict additionality rules -that is. a low threshold 
for defining what is commercial - in relatively small 
carbon -trading markets. In small markets, a loose ad- 
ditionality requirement would allow many ofTsels intc 
the market that are not additional, driving down prices 
and making the system unprofitable for landowners 
and developers 

In Urge markets that aim to facilitate many GHG 
offsets, strict additionality rules can be counterproduc- 
tive. That is because they will disqualify many projects 
with the potential to produce GHG benefits, inflating 
the price of the remaining offsets while also dampen 
mg efforts to m itigatc emissions. New markets that anti- 
cipate significant growth might therefore choose since 
rules for additionality in the beginning and then slowly 
relax those rules as the market grows. Avoiding climate 
change will ultimately require large cuts in GHG emis- 
sions. and lhal argues for large markets with relatively 
lenient additionality rules. 

Table A 9 shows how additionality criteria might 
vary for small, medium, and large markets in a system 
that allows emitters to acquire offsets from anywhere 
m the world Small markets need to use very restric- 
tive criteria, such as categorical additionality, to avoid 
contaminating the supply of nflsets with those that 
do not represent real GHG cuts. As the market grows, 
regulators can rclv on more flexible criteria such ae 
proportional additionality Moderately large markets 
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could allow multiple approaches to assessing addition 
tlily. before eliminating such tests when larger mar 
kets develop, to encourage the use o4 a wider variety of 
land- management practices. Very large markets might 
choose very lenient or even no additionality criteria 
to keep the price of offsets reasonable. If regulators 
aim to teach emitters to track and control emissions— 
and trade emissions cuts— in preparation for larger 
cots, they should create rules that will apply to the later 
market 

Of course, even systems with no additionality slan 
dards must still require projects to establish baselines 
to ensure that the offsets they produce represent real 
GHG reductions. If projects must use baselines, they 
may produce real GHG benefits regardless of the crite- 
ria used to determine additionality. 

Barrier Tests 

Under the Kyoto Protocol’s Clean Development Mech 
anksm. the most common criterion for additionality 
are barrier tests. 1 With this approach, a project is con- 
sidered additional if a barrier prevents most landown 
ers from pursuing project activities or most landowners 
prefer other activities. Systems with a commercial-use 


Categorical Additionality and Barrier Tests 

test sometimes apply barrier tests to projects for which 
comparison sites are not available, to establish the ex- 
tent of a land -management practice Table A.H> lists, 
barriers that might qualify a project as additional un- 
der this type of system. 

In theory, a system using barrier tests would |udgc- 
each project on its own merits and accept it as addi- 
tional only if it faces one of the barriers. However, in 
practice, judgments about barriers often depend on 
access to proprietary information and assumptions- 
ahout how the market will behave over the lifetime of 
the project. For example, trading systems often con- 
sider a lower economic return from a project activity 
than from an alternative land-use regime to be a bar- 
rier However, showing that a lower economic return 
will actually occur from a project activity requires a 
detailed analysis of the assets and finances of the own- 
ers of any reference lands, as well as projections of the 
costs and revenues of project and non-project activi- 
ties. Regulators usually have no way of checking land- 
owners' assertions about their required rates of return* 
cash flow, and attitudes toward risk, and landown 
ers usually guard such information closely to protect 
confidentiality 

More importantly, the results of that analysis can 


Tabie A 9 Using Additionality Criteria to Manage Supply and Demand foe Offsets 


Maikrtmr, 

| offset demand 

1 Smalt market 

1 (demand - JOOs of million* uf 
| ions per year) 


| Ratio between offset 
demand and supply 

I Demand for reductions 
is generally leu than the 
I potential supply. 


I Medium market | Demand foe reductions about | 

I (demand - 1-10 billion ton* i equalt potential supply. 

I per year j 


I targr market 
(demand - 10-15 billaon tons 

! pet year) 


I 


Demand for reductions exceed* , 
potential supply by more than 
SIO I. 


Additionality criteria 

Regulators adopt strict criteria For example, 
categorical additionality requires that peactices or 
technologNv be in use cm lest than 5% of reference 
lands that create produces) similar to the projects. 

Regulators adjust culrna periodically to retire I market 
fluctuations. Foe example 

1. When demand is relatively small, criteria ate similar 
u> those of small markets 

2. When demand begins to outstrip supply- 
proportional additionality or barrier rests take effect. 

No additional!! y requirement, 
but basdine is still required. 


AW* Ihis example assumes that emitters can acquire offsets worldwide. In more limited systems with fewer potential offsets, 
the definitions of small, medium, and large markets will vary accordingly- 
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Table A 10 Barriers to GHG Offset Projects That Could 
Be Used to Establish Additionality 


I 

Barrier category 

1 Legal 

| 

1 

Barrier description 

-Unclear own nership rights 
- Poo* enforcement ofbw, 
immature legsl framework 

1 Financial and 

1 - II igh returns demanded by 

1 budgrury 

investors and lenders owing to 
poor risk reward profile 

1 - Umued or no access to capital , 

1 owing to poor functioning of 


capital markets 

Technology. 

- Higher perceived risks associated 

, operation, and 

with new technology 

| maintenance 

- tack of trained personnel or 
technical and managerial expertise 1 
• Infrastructure change* required 1 

to integrate or maintain new 
technology 

-Inadequate supply of technology 


| or transportation infrastructure 


1 z — — n — : i 

Market structure 

- Price of outputs is below loog run 
marginal cost of inputs 

- Market distortions (subsidies or 

l 

rules) favor another technology 
- High transaction costs 


Note. This list is doc exclusm 

Secret. Adapted from World Resources Institute and World 
Hun nett Council (or Sustainable Development. Table 4 
( 2009 ) 


be strongly influenced by its assumptions : An analy- 
sis based on one set of reasonable assumptions may in- 
dicate a financial barrier, while an analysis based on 
another set of equally reasonable assumptions may 
not show a barrier.'- 4 Because of these practical limi- 
tations. policymakers, quantifiers, and verifiers should 
use barrier tests as a last resort or to relax additionality 
criteria so offset projects can keep pace with demand. 

When performing barrier tests, analysts should use 
information and assumptions that are as objective as 
possible, including third-party assessments of poten- 
tial harriers. For example, the Organisation for Eco- 
nomic Cooperation and Development (OECD) issues 
Country Risk Classification ratings, which estimate 
the likelihood that a country will service its external 
debt (http.'/www oecd.org I. and Transparency In- 
ternational issues an index of corruption perceptions 
(http//www.transp«rency org). these ratings indepen- 
dently indicate the risks that investors in offset projects 
are likely to perceive 
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Using Periodic Transition 
Rates to Calculate Baselines 


Retail that to calculate the onsets credited to a project 
for each accounting period, quantifiers must determine 
the baseline for each accounting period. This is not a 
problem if propea developers track land- use changes 
on comparison lands for each accounting period. How- 
ever, such tracking may not be possible because of lack 
of access to comparison lands or long intervals between 
publication of land use data In that case, project ana- 
lysts must infer such information from limited obser- 
vations of management practices on comparison lands 
for each accounting period. Examples of specific types 
of projects illustrate this approach. 

Afforestation Example: Deriving 
Periodic Transition Rates 

Suppose a project converts marginal agricultural land 
to forest to sequester carbon in biomass. The project 
lasts 10 years, with 10 one-year accounting periods. At 
(he start of the project, all comparison lands are used 
for marginal agriculture. New information does not 
become available until year 10. when it shows that 20 
percent of comparison lands have been converted to 
forest, while the rest are still cropped. Calculating the 
baseline at year 10 is easy. If we assume that the mar- 
ginal agricultural lands sequester no new carbon, and 
that all afforested acres gain the same amount of car- 
bon at the same rate, the baseline at year 10 would sim- 
ply be 20 percent of the project’s sequestration on a per 
acre basis. (See Equation ST in Chapter 5.) 


But what about the baseline during the intervening 
years? We cannot simply assume that the fraction of 
forested land in the project's fifth year is half that in 
year 10. The rate at which one type of land use transi- 
tions to another is usually proportional to the amount 
of land under that particular use: 

FRL t a )5t # x TR ( equation Al l 

where FRl. t is the fractional amount of land use type i 
that is converted to some other type over one account *- 
ing period (one year in ou r example)./*!, is t he f rac t ional 
amount of area in the companion lands that is in use I 
during the accounting period, and TR t is the so-called 
periodic transition rate from use i With Equation 5.1 
and observations of fa t at any two points in tLme, the 
following equation can be used to derive the periodic 
transition rate 


FRL, « l- 



CquatKKi A6.2 


where faf and faf arc the fractions of comparison land 
covered by land use i at e. the end of the land-use ob- 
servation Interval and at b , the beginning of the land- 
use observation interval, and (t-b) is the number of ac- 
counting periods (usually years) between the end and 
the beginning of the land-use observation interval. 

It also follows that after m of the accounting periods 
(year m of the project). 
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ft," aft** (l-PM/** 

and the proportion of the companion land area that u 
converted from u*c i to some other uie is 

Ornip; = faf x <1 equity At < 

To apptv this methodology, analysts must have data 
or conditions on comparison lands for at least two 
different points in time. (Retying on more than (wo 
points makes the analysis more accurate but alio more 
complicated. See below for restrictions on how long 
apart the two observations can be and when they can 
be made ) 

In our afforestation example. 

f a \ p, • 1 
/•Vx-M 

c-b * 10 yean- 1 year » 9 years 
Substituting into Equation A6 \ we find that 

FRL^ * I- (0.8/1 .0)^ - 0.024489 

Calculating periodic transition rates by hand can be ar- 
duous. but H is quite simple with an electronic spread 
sheet program. Table A ll shows how to do this for our 
afforestation example Recall that in this example, mar 
ginal agricultural land is assumed to yield no carbon 
sequestration, while forests sequester O S tons per acre 
per year The fractional coverage of each type of land 
use (agriculture and forest) U calculated for each year, 
using the equations in the text and a periodic transi- 
tion rate from agriculture to forest of 0.024489.' Ihe 
weighted benefit is the proportion of land in the partic 
ular use times the benefit per acre. B A , the baseline, is 
the combined benefit from both types of land use (that 
is. the sum of the weighted benefits from agriculture 
and forests). The right hand side of the table shows the 
baseline for each accounting period, as well as the ac- 
crued benefit as the project proceeds. 

Further Complications 

Ihe simple example above assumed that the amount 
of carbon sequestered in forests is the same for all 
lands, regardless of how long they have been forested. 


However, for afforestation as well as many other land- 
management practices, the greenhouse benefit per unit 
of input (such as an acre of land or a ton of manure) can 
change according to how long the unit has been sub 
>ect to the practice. For example, tree seedlings typi- 
cally sequester a negligible amount of carbon the first 
year after they are planted. However. In the tenth year, 
an acre of saplings may sequester as much as 3 tons of 
C0 2 equivalent To account for such variation, analysts, 
should consider the emissions from each tract of com- 
parison lands for each accounting period For instance, 
a tract that had been forested several accounting peri 
ods earlier would sequester more carbon than a tract 
that had just been converted to forest. The baseline is 
the sum of the sequestration on all tracts. These calcu 
lations sound complicated but are not difficult to per 
form with a spreadsheet program. 

Tracts of comparison lands can also transition 
into more than one new management practice For in- 
stance, in the afforestation example, some compari- 
son lands initially managed as marginal agricultural 
plots could become pasture lands, while others could 
be newly subject to no-till cropping. In these coses. It 
is often easier to express the periodic transition rates 
for each type of transition as a matrix of probabilities. 
Such a matrix is often referred to as a Markov matrix, 
after the mathematician who developed this aspect of 
probability theory. For a readable presentation of such 
probability matrices, see Stokey and Zcckhauser I978w 

No-Tifl/Tilf Example: Calculating 
Baselines When Transitions Occur 
in More Than One Direction 

A further complication arises when tracts of compari- 
son lands cycle back and forth between two or more 
types of management practices. To establish the im- 
pact of such land use changes on the baseline, analysts, 
need to track them on each tract during the accounting; 
period. It is not enough to simply track the total frac- 
tion of comparison lands devoted to each management: 
practice. 

Consider a project that moves from plowing to no 
till cropping. Companion Lands consist of 20 one at re- 
tracts (see Figure A.6). During year 1 of the project. 4 of 
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Tab* A ll Determining a Baseline for Each Accounting Period Using Pcnodic Transition Rates. Afforestation Example 



Land- use type 




Marginal agriculture 



Forest 


Combined benefit 

1 

l Year 

(fractional 

coverage] 

(C benefit 

in 

tons /acre) 

Weighted C 
benefit 
(tom'acre) 

1 

1 

(Fractional 
covers grl 

(C benefit 
in Ion*/ 

• 

Weighted C 

(tonaJacrr) 

B, (ton*/ 

MO 

for each 
accounting 
period 

(tora/atrr) 

accrued 

over 

protect 

r ■ 

1.00 

0 

0 


0.00 

05 

000 

000 

0 00 


0.98 

0 

0 


002 

05 

001 

001 

001 

» 

095 

0 

0 


005 

05 

002 

002 

0.04 

4 

093 

0 

0 


007 

05 

004 

004 

0.07 

» 

091 

0 

0 


009 

05 

005 

005 

0.12 

i* 

088 

0 

0 


0.12 

05 

006 

006 

018 

7 

086 

0 

0 


014 

05 

007 

007 

025 

1 

0.84 

0 

0 


0.16 

05 

008 

CUM 

0 J 3 

» 

0.82 

0 

0 


018 

05 

009 

009 

042 

I 10 

0.80 

0 

0 


020 

05 

010 

0 .M 

052 


tt A • Baseline emissions 

Kottt Amounts are fee illustration only and smII vary wuicty on individual sties. 

Sourer Data from a survey of the literature reported by SmWhwfclt cl al 200 \ Appendix C EtologUai A rthbtx. A012-O12 AX 
available at hitp./Jwwweaipub* org/archne/appl/AOI2/012>appendif C.him. 


20 acres (or 20 percent) are in wMill cropping, and the 
remaining 16 acres (or 80 percent) are tilled. During 
year 10. 20 percent of the tracts are similarly in no till 
cropping. Analysts might conclude that the transition 
rate from tillage to no-tlll cropping Is aero. However, if 
the specific tracts that were In no till cropping in year 
I arc not the tame as the tracts in no till cropping in 
year 10, this conclusion would he Incorrect. In fact. Fig- 
ure A.6 reveals that only one of the four tracts in no- 
till cropping during year 1 remained in no-till cropping 
during year 10. Use of Equation A6 2 yields a transi- 
tion rate from no-tUl to till cropping of 0 14. Of the 16 
tracts plowed m year 1. three are not tilled in year 10 
This yields a transition rate from nil to no- till cropping 
of 0.023. The transition rates differ because the initial 
fractions of tilled and nn-iill lands in each accounting 


period are different, and the rate of transition is pro- 
portional to amount of land in that specific use (See 
Equation A6.1). 

Table A. 12 shows how analysts might use a spread 
sheet program to calculate the baseline in this no till/ 
till example. Fractional coverages for no till and tilled 
tracts must be calculated for each new tract as well as 
the remaining tractx Note also that whereas 20 percent 
of tract* are in no till cropping at both the start and 
end of the protect, less than 20 percent arc in no-till 
cropping in the intervening years. Thus the baseline is 
slightly lower than if analyst* did not account for this 
transition. 
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F.gure A.6 l and -management practices no hypothetical comparison lands u*ed lo establish 
the baseline for a no till project. The comparison lands consist of 20 one -acre tracts* each 
iruiujirti by a box Management practice* for each tract (grey for no-till and while lor till) 
are tlhiMrated for year* I and K) of the protect. While years l and 10 haw the tame number 
of boxes in no till, there la nevertheless a non rero transition rate from no-uU to till because 
the location* of the boxes haw changed. 


How Far Apart Can Land-Use Observations Be? 

Measurement* of land conditions made morr than a 
decade apart arc unlikely to be useful. On the other 
hand, measurements at least three to 6ve yean apart 
can smooth out year-to-year variability in GHG emis- 
sions and carbon sinks on companion land* that may 
not be representative of the entire region However. If 
a land- use sector b changing dramatically, analyst* 
should base the rate of change on information gathered 
only two years apart. If the most recent Information Is 
at least five years old. analysts should assess whether 
the rate* of change they observe are likely to be simi- 
lar to current rate*. If the first measurement occurred 
more than X) years before the start of the project, sig- 
nificant changes in the economics of producing project 
goods can make the information unreliable 

Ideally, land -use observations are made dose to- 


ll not exactly coincident with— a project’s accounting 
periods. Extrapolating transitions well beyond the last 
land-use observation is especially risky. Ihc formula- 
tion used to describe transition rates is asymptotic; that 
is. those rates approach 0 for the proportion of land re- 
maining in the original state, and 1 for the proportion 
of land in the new state. Thus, using the equations for 
tune periods much longer than the actual observed 
interval can lead to remit* that are far from reality. 
Baselines with smaller periodic transition rates arc less 
likely lo be wrong by a given amount than baselines 
with larger rates Moreover, baselines should not be 
considered reliable for more than 1 5 or 20 years without 
land-use measurements spanning the project period. 
If a project is scheduled In run longer than 20 years, 
the baseline should be recalculated using new land- use 
data when the project ends. 
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Tabic A 12 Calculating the Baseline with Tracts Cycling between No-Tili and Till Cropping 




ftSM tracts 

Undo 

“Tt.pc 

Mo oil 

racts 

— 

Combined brnefit 

Year 



/jffam 

Uractkawl 

i inn »%r 

at initial 
tailed uactt 
remaining) 

/,«- m 

(fractional 

coverage 

ofanvtf 

tilled 

tracts) 

Ar*>Mt 

IractiMul 

coverage 
of tilled 

tract* 



IVnuhlfJ 

bnefc 

from 

Idled 

dona/ 

acre) 



1w*r rw 

(tract mol 

Ltnntfrnl 

maul no- 

till tract* 
remaining) 

t~*r mrm 
ifractmaal 
cuvreag e 

of nr* no 
till tracts) 

total 

(total 

ftacItoruJ 

‘•’•"•O' 
ot no till 
tracts) 

Weighted 

Senrfrt 

tram ru> 

tlll tract* 
lionaicw) 

o 4 ia«*aw 

acre) 
tor each 

accounting 
pet Mid 

•a 

116(1*/ 

*4 ret 

accrued 

ovrt 

peo'CCl 

1 

•“ . 

000 

0 K 

ooo 

070 

008 

020 

0 » 

018 


L . 1 

t7 * _i 

am 

0*1 

000 

at? 

** 

019 

009 


IMS 

1* 

L •*» 


OjU 

008 

CIS 

004 

mo 

009 

01 ? 

OM 

8 

07, 

am 

0 J 2 

000 

OU 

00 $ 

010 

009 

027 

« _ 

*5 

on 

009 

OK 

000 

an 

007 

018 

004 

Oil? 

0*7 

r . 

on 

an 

0 t 2 

008 

one 

009 

ota 

009 

01 ? 

104 

JLJ 

0 70 

an 

002 

DM 

008 

on 

018 

009 

00 

L 22 

L* 

0M 

013 

OJU 

008 

oar 

0.12 

019 

009 

017 

1)0 

* 

i gl 


OJI 

008 

ooa 

u °" J 

019 

0J0 

018 

1ST 

.•L_ 

(US 

U|\ 

Am 

008 

005 

Oil 

020 

OK) 

an 



H A - fUxlire naiuinni 



309 


Appendix 7 

Typical Carbon Stocks 
in Forest Pools 


In this appendix, wc review the type* and character!* 
tic* of the variou* clocks or pods of carbon that must 
be inventoried in a forest project. 

Live Trees 

Tree biomass is usually the carbon pod with the large*! 
potential for sequestration On site* that have been re- 
cently clear-cut. grassland, and agricultural site*, list- 
tree biomass is essentially' zero. In woodlands, because 
of wide tree *pacmg and small tree sizes, carbon stocks 
are generally nor more than 20 to 40 metric tons of car- 
bon per hectare (Mg C ha'*). The exception is wood- 
land* where herbivory. Are. or another condition lim- 
its tree establishment but available water and nutrient* 
allow common tree species to grow to substantial sire 
Examples include some tropical acacia savannas and 
western U.$. pcmderwsa pine woodland* 

In forests managed for timber, carbon in live trees 
generally does not exceed 50 to 100 Mg C ha ‘ (Bird- 
ley 1996). In undisturbed mature temperate and tropi- 
cal forests, typical carbon stocks are too to 200 Mg C 
ha' 1 (Houghton 1999). Stocks can be much greater in 
some moist forest* that grow very Urge tree*. Live-tree 
carbon in 450 -year old Oregon Cascade Douglas fir 
forests was measured at 5B4 Mg C ha 1 , and live-tree 
carbon in 150-year-old Oregon coastal hemlock- spruce 
forests was measured at 626 Mg C ha’ 1 (Smtthwick d 
al. 2002). THc global maximum Use- vegetal ion biomass 
probably occurs in old gmwth stands of coastal red- 


wood forest (Sequoia irmprrvtrens) along the coast of 
northern California. One stand older than 1,000 years- 
was calculated having a stem btonu** of 5461 Mg C 
ha 1 (Waring and Franklin 1979). 

Standing Dead Trees 

Standing dead -tree carbon vanes tremendously as a 
function of climate, forest type, stand age, and distur- 
bance history. In young, planted forests, and forests 
with aggressive thinning, carbon stocks in standing 
dead trees can be almost n»L In forests where wind i* 
the pnmary disturbance agent, carbon stocks tn stand- 
ing dead trees will also be small. Example* of U.S. for- 
est types where carbon In standing dead trees is often 
close to zero are spruce fir forests in the Northeast, 
oak pine forests in the northern plains, planted pine- 
forests in the Southeast, and red alder forests in the Pa 
cihc Northwest (Smith, Heath, and |enkms200J). 

In other cases, carbon stocks in standing dear! 
trees can be large. Although standing-dead tree car 
bon stocks of 0 to 20 Mg C ha 1 are typical in U4L 
forests, stocks of up to 50 Mg C ha' : are not extraor 
dinary (Smith. Heath, and Icnkins 2005). After a wild 
fire, dead-tree btottus* can be 90 percent or more of 
the live tree biomass immediately before the fire. Ibis 
Is because fires almost never consume the boles of live 
trees. Live trees that experience even hot crown fire* 
usually lose only their foliage, fine branches, and sonsr 
of the bark on the trunk. 
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Woody Debris 

Carbon Mocks in coarse woody debris are highly vari- 
able across forest types (see Table A.D). In the major 
Hy of forest systems, most dead trees do not completely 
decompose standing up Instead, they fail and become 
coarse woody debris. Some stands, however, have al 
most no such debris. Stands with low woody debris lev- 
els include young and mature stands afforested from 
open land, stands that have been intensively managed 
for several decades in a way that removes dead and 
dying trees, and stands with very fast decomposition 
rate*. 

Young and mature stands established on open land 
have no legacy of woody debns from a prior stand. 
In intensively thinned stands, and stands where dead 
and dying trees are often removed, wood that would 
have become coarse debris is harvested. Some species 
decompose quickly, and some forests have generally 
high decomposition rates. In some tropical forests, the 


Table A. II Typical live and Detrifal Carbon Stocks of 
Selected Vegetation Types 


Vegetation type 

Vegetation 
Mg C ha 1 

PttrHui j 
Mg C ha 1 1 

Tundra and alpine 

* 

216 

Desert scrub 

L 5 j 

L » 

Temperate grassland 

7 . 

192 

Temper ate woodland 

17 

no data * 

Tropical woodland 


• J 

Old growth Fonderosa 
pine, eastern Oregon. USA 

II) 

45 

Boreal 'subafpirx 

U7 

149 j 

Temperate broadleaf 
deciduous 

14) 

118 

Mature tropxaltaibtropical 

247 

104 

Old-growth Douglas-hr. 
Cascades, Oregon. USA 

» 

207 

Old-g rowih spruce' 
hemlock coast. Oregon. 

USA 

999 

164 

J 


Typical Carbon Stocks in Forest Pools 

bulk of fallen tree biomass is shredded and is no longee 
coarse debris within three years after it falls to the for- 
est floor. 

Several factors can produce large stocks of coarse 
woody debris. Such stocks can be substantial immedi- 
ately after harvest Harmon. Carman, and Ferrell (1996) 
report woody residue rates after the harvest of U.S. Pa- 
cific Northwest mature and old- growth forest in the 
range of J6 to 52 Mg C ha' 1 (assuming that Nomass is 
half carbon). Forests where trees grow large and are not 
harvested (particularly where tree species have decay 
resistant wood) can accumulate Urge stocks of woody 
debris Krankina and Harmon (1994) report stocks in 
the range of U1 to 75 Mg C ha 1 in old growth forests 
in the U.S. Pacific Northwest. Cool temperatures slow 
decomposition, and boreal and alpine forests can ac- 
cumulate Urge stores of woody debris. Extreme wrl 
ness and extreme dryness also slow decomposition. 
Peat bogs are the extreme case, decay is slower than the 
rate of input, and vegetative material accumulates in- 
definitely. In dry forests, stocks of woody debris that 
does not bum can be substantial compared with stockv 
of live-tree biomass. 

Litter 

Studies of carbon on the forest Hoot often include both 
undecomposed litter and decomposed organic material 
above mineral soil. Litter is undecomposed and mini* 
mally decomposed vegetative material on the surface 
of the ground, including foliage, twigs, bark, and seed 
cases. Some forests have layers of partially decomposed 
duff or organic soil horizons composed Urgcly of hu- 
midified organic material There is no standard defi- 
nition of what assessments of carbon in litter and on 
the forest lloor should include. Studies of litter and 
fine debris have used maximum piece diameters from 
6 millimeters to 10 centimeters in diameter (Harmon 
and Sexton 1996). If measurements of carbon stock 
on the forest floor include duff and organic horizons, 
live roots above a specified size are removed. As with 
woody debris, there is no standard minimum size, but 
studies often remove live roots greater than 2 millime- 
ters in diameter 

Carbon stocks in litter vary by time of year. In most 
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forests. between half and nearly all of annual litter in- 
put decomposer within a year. In many closed canopy, 
seasonally deciduous forests, litter stock is dose to zero 
at some point each year Ihc dynamics that drive stocks 
of litter and coarse woody debris overlap. If not dis- 
turbed for many decades, forests with slow decompo 
sition rates can accumulate substantial carbon stocks 
In organic layers {Grier et al. 1981; Means. MacMillan. 
Cromack 1992). 

Und^rstory Vegetation and Shrubs 

Carbon stocks in understory vegetation and shrubs 
ire usually small, less than 3 Mg C ha' 1 (Birdsey 1996, 


Smithwkk et al 2002) On sites where species classi- 
fied as shrubs form the overstory, rather than the un- 
derstory (and where these species grow in dense stands 
that are several meters tall, with stems several centime- 
ters in diameter), carbon stocks can reach 30 Mg C ha' 1 
(G Smith, unpublished data, 1999). If shrub species are 
measured separately from species that may grow intc 
larger trees, then the shrub category can store moder- 
ate amounts of carbon. 
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Protocols for Measuring 
Carbon in Subplots 


The method* and protocol* used to measure the carbon 
in subplots are covered here. 

Trees 

To begin biomass field measurements after marking 
plot boundaries, establish a subplot with a 152- meter 
radius around the plot center. Correct all horizon- 
tal measurements for slope if it is greater than 10 per- 
cent (see Appendix 11). Working clockwise from map 
north, for each stem where the center of the tree trunk 
at ground level is within the plot and the stem s diame- 
ter at breast height is at least 5 centimeters, record the 
following: species code, diameter, height, top diame- 
ter. and vigorMecay class. (Diameter at breast height, 
or dbh, is 1.17 meters above the forest floor on the up 
hill side of the tree.) Measure the top diameter of bro- 
ken trees using the optical dendromeler. Include all 
live stems, snags, and stumps of the size class included 
in the subplot. Snags and stumps are defined as dead 
plants with woody stems still attached to their roots, 
where the roots arc mostly in the ground, and where 
the growth axis is within 45 degrees of vertical (stumps 
arc very short snags) When stumps are less than 1.37 
meters tall, record the actual top diameter, not the esu 
mated diameter at 1.37 meters of height 

Establish a subplot with a 5.46 meter radius centered 
on the plot center, slope corrected as necessary. Work- 
ing clockwise from map north, for each stem originat- 
ing within the plot that is at least 15 cm dbh. record the 


following: species code, diameter, height, top diameter, 
and vigor/decay class. Include all live stems, snags, and 
stumps. 

Establish a subplot with a 1784-meter radius cen- 
tered on the plot center, slope- corrected as necessary. 
Working clockwise from map north, for each stem orig- 
inating within the plot that is at least 30 cm dbh. record 
the following: specks code, diameter, height, top diam- 
eter, and vigor Vdccav class. Include all live stem*. %nagt. 
and stumps. 

Field crews may find it more efficient to record all 
live trees on a subplot of a given radius and then to re- 
cord snags, especially if the plot includes many stumps 
or other short snags. 

Utter 

Destructive sampling requires special care to mini- 
mize the possible effects on later remeasurements. 1C 
sampling aims to determine project-specific factors, 
such as the densities or carbon content of dead wood, 
this sampling should occur outside the subplots used 
to measure changes in biomass. Within such subplots, 
destructive sampling should be minimal and limited 
to carbon pools that will not affect the change in car- 
bon stock. For example, destructive sampling of tree 
seedlings should be avoided because it might reduce 
tree density later, thus reducing biomass Nondestruc- 
tive measurements are often quicker to make and thus- 
lew expensive 
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When remeasuring biomass on plots with previous 
destructive sampling, crews may have to move the loca 
tkm of destructive sampling points, For example, sam 
pling soil entails taking multiple cores from points in a 
specified arrangement around the plot center During 
resampling, crews should take cores from points be 
tween the points initially sampled However. If the 
sampled pool turns over almost completely between 
sampling times, destructive sampling may have little 
impact on remeasurementv For example, more than 
90 percent of litter in many moist temperate systems 
decomposes in fewer than three sears. If crews mea- 
sure litter at the same locations only every live years, 
the previous measurements should have little impact 

The protocol in Chapter 6 calls for sampling litter 
from a 0-5 meter -by-0.5-meter subplot. All the litter 
from the subplot is gathered and weighed, and a rep- 
resentative subsample is selected and weighed in the 
held The subsampk* is then taken and dried to yield 
a ratio that converts field weight to dry weight. Crews 
should redistribute the litter they do not remove across 
the subplot to minimize alteration of plot dynamics 

If the litter, microclimate, and weather are conus- 
tent from plot to plot, then crews do not have to sub- 
sample litter on every plot. However, if any of these 
influences does change, crews should subsample lit- 
ter on all the plots because the ratio of dry weight to 
wet weight can change quickly and dramatically. Some 
decayed organic material can absorb more than four 
times its dry weight in water, or it can dry in the held 
to nearly dry weight A rainstorm can change the dry- 
to-wet weight ratio from greater than 0.85 to less than 
0.2. Falling to obtain a plot-specific ratio can mean that 
the estimate of carbon stock in litter is off by a fac for of 
four. 

Chapter 6 recommends classifying all fine organic 
material on the ground above mineral soil— including 
loose, undccomposcd leaves, twigs, hark, seeds, and 
other identifiable plant parts— as lifter. Litter usually 
also includes duff matted, partly decomposed plant 
parts that are still readily identifiable with the naked 
eye. Duff is the same category as the Oc organic soil 
horizon (see below). 

Some plots have a layer of decayed organic mate- 


rial below the undecomposed litter and duff and above 
mineral soil. Soil scientists divide this dark colored 
material into the Oc organic horizon of intermediately 
decomposed (hemic) materia) and the Oa organic ho- 
rizon of highly decomposed (aaprk) material. A bit of 
this decayed organic material rubbed between thumb 
and forefinger feels smooth. A bit of mineral soil— 
except for clay— feds gritty. Most sites do not have lay- 
ers of decomposed organic material. If a significant 
amount of the Oa horizon exists within the project 
area, the sampling protocol should include a procedurr 
for separately measuring this layer 

Careful fieldwork is essential. It is especially im- 
portant lo avoid including mineral soil when sam 
pling litter, This hazard is less of an issue w hen crews 
are separating minimally decomposed material from 
an O horizon, but il U harder to avosd when decum 
posing chunks of wood are partly buried in mineral 
soil, litter often is loose or forms a mat In either case* 
field crews can usually lift it gently off the underlying, 
soil, puking up stray pieces Individually. Crews should 
clean the mineral soil of partially buried pieces of lit- 
ter before packaging them with the rest. They can hang 
solid pieces against a tool to knock off the soil. Crews 
are reduced to brushing, picking, and blowing soil o!l~ 
lesi-than solid pieces. Those pieces that are more than 
half hurled in mineral soil arc classified as buried and 
sampled with the soil, not the litter or organic layer. 
Soil experts must teach technicians how to separate ihr 
O horizon from underlying mineral horizons. 

If the locations of subplots change from one mea 
suremrnt lime to the next, quantifiers must consider 
variability m these locations. For example, in some 
forest systems, substantially more litter collects in de- 
pressions that are a few centimeters deep and tens of 
centimeters across than on higher locations. Moving ai 
0.5 meter by-05-metef litter subplot ! meter sideway * 
can significantly change the amount of litter that crews 
will find However, this should not be a problem for 
forestry projects because litter is usually a small car- 
bon pool, to increasing tbe variability of litter mea 
sure merits will have a negligible effect on the precision 
of the overall measurement. 

Disturbance can sometimes significantly change 
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the Mock of decomposed organic material on the forest 
floor that t% above mineral soiL Ihb material generally 
accumulates slowly, and disturbance increase* re* pi 
ration, which can decrease the amount of carbon. On 
moil sites, this disturbance is not a problem for repeated 
measurement* because the total stock of decomposed 
organic material Is small. However, on site* where de- 
composition rate* are wry slow because of nutrient 
limitations. pH. moisture, cool temperature, or some 
other reason, the stock of decomposed organic material 
can be high. On such sites. resampling should occur at 
locations that have not been previously sampled. To av- 
erage out fine-scale variability, it may be desirable to 
use a conng system similar to that described in Chap- 
ter 7 for sampling soil, instead of a single subplot 

Woody Debris 

Unless a site has extraordinarily slow decay rates, small 
pieces of woody material and decomposed organic ma- 
terial will never form a great mass, and an efficient 
sampling design will devote little time to measuring 
such material. One way to speed measurement is sim- 
ply to count the number of pieces within a particular 
sue class, rather than measuring the exact diameter or 
length of each piece Quantifiers then use the median 
sire to calculate the mas* for each class. This approach 
is valid for fine debris and small live woody plants. 

Counts of pieces within a site class proceed quickly 
if crews use calipers or sire gauges. Gauges can be of 
fixed site, with one gauge for each elm boundary. 
Pushing the giuge against a piece instantly rcwols 
whether rt is larger or smaller than the site limit (see 
Figure A.7). Gauges can he stepped, with smaller sites 
in the throat of larger openings. Stepped gauges are 
pushed against the material until an opening is too 
«mall for the material to fit Inside. Gauges can be made 
for Use desired thresholds so there is little confusion 
as to whether the gauge in a held technician * hand is 
the desired site. Gauge* can be fabricated from sheet 
metal thick enough to resist bending under the abuses 
of fieldwork. A string tethering the gauge to a techni- 
cians field vest reduces the chance that it will be lost or 
stepped on. 


Protocols for Measuring Carbon in Subplots 

Alternative methods for measuring coarse woody de 
hns appear in Harmon and Sexton (19%). Brown (1974). 
and van WagnrT 11965). Another common method is to 
measure the length of each piece of coarse woody de- 
bris and its diameter at each end and then compute the 
volume as a section of a cone. However, this method is 
not recommended because i! takes, longer than the sug 
gested method. If the transects used to measure woody 
debris are long enough to cross multiple pieces, and the 
sampling system measures debris along several dozen 
transects, the suggested approach u almost as accurate 
as the more labor- intensive method. 

Harmon and Sexton (1996) recommend transects 
at least UX) meter* long because spatial distribution of 
woody debris b patchy. Field crews can quickly estab- 
lish a 100-meter transect by running lines 25 meters in 
each cardinal direction from the plot center. Even in 
stands with relatively small amounts of coarse woody 
debris, 100 - meter transects yield a small standard er- 
ror when only a few dozen plots arc measured. TWo 
short transects that meet at a right angle reduce possi- 
ble sampling bias, especially lithe orientation of coarse 
woody material is not random (van Wagner 196$). This 
» not )u*t * theoretical problem. In fount types where 
wind is a common agent of tree mortality, the orienta- 
tion of fallen tree trunks tends to be correlated. If a sin- 
gle transect is parallel to the main direction of tree fall. 

Figure A.7 A 5*. >. and I centimeter caliper used to 
measure woody stems 1 to 2 centimeters in diameter. 
Counts of woody piece* con be expedited by using 
calipers or size giugrs 
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woody debris loads would be undcrtounlcd. If a single 
transect happens to be perpendicular to the main di- 
rection of tree fall, woody debris would be ovcrcounted. 
Placing two transects at a right angle on cadi plot re- 
duces this potential bias. In forests with consistent de- 
bris distribution, somewhat shorter transects may be 
acceptable. 

Logs generally become elliptical in cross section as 
they decay, Held crews can measure the maximum and 
minimum diameters of such logs with minimal diffi 
culty. Decomposed debris is typically resting on the 
ground, and it is not possible to get a diameter tape 
under the piece, however. Strictly speaking, diameter 
tapes overestimate the cross-sectional area of ellipti- 
cal pieces, but when crews are measuring live trees, the 
actual error is small (Parker and Matncy 1999). Using 
a MX>- centimeter adru stable caliper enables crews to 
avoid parallax, which easily occurs when they hold a 
measuring tape tn front of a piece to estimate its width 
Technicians can minimize parallax if they sight along 
a line perpendicular to the distance they are measuring 
to align the zero point on a tape measure with one edge 
of the piece. Technicians then move their head to sight 
along another line paralld tn the original line, with the 
second line tangential to the far edge of the piece, and 
find the diameter hy reading the tape 

If crews measure the dsameiert of the ends of each 
piece of debris and piece length, they should treat each 
piece as if it ended at the plot boundary, or they will 
overestimate the amount of woody debris Using a 
tape measure with its zero point at plot center to es- 
tablish coarse woody debris transects is efficient, and It 
Is useful later for locating the boundaries of tree plots 
and locating shrub and litter plots When establishing 
transects for coarse woody debris, crews should mark 
the boundaries of subplots more than about 3 meters 
from the plot center. They can measure shrubs and tree 
seedlings immediately after woody debns, while the 
location of the debris transects are still fresh in thc»r 
mind. 


Soil Organic Layer 

The default protocol assumes that there b no layer 
of decomposed organic material below* the litter and. 
above mineral soil. However, some sites have such ai 
layer, and the protocol should include a separate mea 
vurement of it because such layers can contain huge 
amounts of carbon. 

Sites that are often disturbed by plowing, fire, or 
other agents do not have an organic layer because it 
forms slowly and can be destroyed quickly Sites with: 
fast decomposition rates usually do not form an or- 
ganic layer. Soil horizons of decomposed organic mate 
rial generally occur in forest and wetland areas, when, 
cold temperatures, moisture saturation, low pit, and. 
nutrient limits slow decomposition and allow an in- 
put of plant material Special cases are peat and muck 
soils. Prat ts a buildup of minimally decomposed plant, 
material, whereas muck is black, decomposed organic 
material Under certain combinations of acid condi- 
tions, low nutrient availability, high moisture, and low* 
disturbance, plant material can accumulate as layers of 
peat or muck several meters thick. 

If a decomposed organic layer is present on the for- 
est floor and included in sampling, then the material! 
should be measured separately because it* carbon con 
tcni b substantially different from that of undccom 
posed material. To measure the decomposed organic 
layer, held technicians should take 16 depth measure 
men ts in an evenly spaced grid pattern spanning the 
litter subplot. The technicians should use a trowel l<* 
cut a vertical slice through the layer and use a rule 
to measure the thickness in centimeters. Quantifiers, 
then search the literature for a density factor for the" 
particular type of material present, as reported in fire 
fuels publications and ecological studies. Carbon mass 
is density times depth times area. (For more details, see 
Chapter 7.) 
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Using Stocking Surveys 
to Monitor Forest Projects 


Stocking surveys determine the extent to which tree 
species of interest cover a specified area. Such surveys 
usually aim to measure the survival of planted seed- 
lings, but they may also aim to measure natural re- 
generation or even coverage of mature trees. Measure- 
ments of forest carbon stocks often occur only every 5 
or 10 years However, developers often need to deter 
mine if the project is proceeding according to plan— 
that is. that the area is substantially covered by healthy, 
grtwifkg trees during the intervening years. Stocking 
surveys can provide a quant itativc measurement of the 
number and distribution of trees. Surveys measuring 
the number and distribution of newly planted seed 
lings are especially important. For well established 
trees, visual survey* may be more cost effective, with 
a stocking survey* performed if the qualitative survey 
Indicates that stocking may be inadequate. 

The target slocking density is a function of planned 
stand development The acceptable range is based on 
knowledge of bow individual trees and stands of trees 
desktop on similar sites, the expected rate of tree mor- 
tality. and the desired level of competition among trees. 
Mortality does not occur linearly with age or tree sue. 
and expert judgment is required to assess site condi- 
tions. risks, and goals, as well as to determine when a 
stand is considered adequately stocked and annual sur 
veys can end 

Stocking surveys should provide two kinds of infor- 
mation an estimate of the total number of trees and 
the proportion of growing space that they occupy. Such 


survey* can also provide the number of trees in each 
species. 

The basic approach U to count the number o|i 
healthy trees on several dozen small plots. Plots should 
be small for three reasons. First, it is easy to miss indt- 
sidual seedlings or to double count seedlings on plots 
with a radius greater than about 4 meters. On a circular 
plot with a flag placed at the plot center, a field techni- 
cian can walk in a circle halfway between the plot cen- 
ter and the plot edge, moving his or her focus from the 
plot center to the plot boundary and bade Technicians 
can easily miss small seedlings if looking more than 
2 mden to each side. Sites with dense shrub or grass 
cover will require a more thorough search. 

Second, when determining the proportion of grow- 
ing space that is occupied, plots should be about the 
size of the tree of interest, Then the proportion of plots 
occupied by trees or seedlings indicates the proportion 
of the total growing space that »v stocked. For example, 
suppose that the target stocking lor a site is M)0 tree* 
per hectare. If plots arc 1/500 hectare each, the propor- 
tion of plots occupied by at least one tree gives a good 
indication of the proportion of the as*ailable growing 
space that is occupied. A |/500 hectarc circular plot ban 
a radius of 2.52 meters. 

Third, small plots keep down the cost per plot, en- 
abling developers to measure many for a modest total 
cost. Plots take only' * minute or two to measure, and 
one person should be able to measure at least a few hun- 
dred plots well distributed oxer several hundred heel 
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are* In one day. Unless tree* are at a very low density 
relative to the chosen plot size. or in a spatially clumpy 
distribution. 100 plots should give a 90 percent confi- 
dence interval that is not more than 10 percent of the 
mean estimated tree density. 

Plots for stocking surveys are usually temporary, 
and they must be widely distributed across the area 
and located randomly. It is efficient to randomly siart 
sampling along a line and then to sample at a standard 
interval along that line. The line can begin at the point 
of access to the area being sampled It may be efficient 
to sample along several parallel lines or in some other 
pattern to com the area Lines may follow compass 
bearing*, or in open Lands, crews may locate them by 
traveling straight toward a distant landmark 

Dividing the total area to be sampled by the target 
number of plots gives the area represented by each plot, 
this guides the choice of distance between plots. Find 
the area represented in each plot in meter* squared, 
and find the square root of'this number. If transects are 
equally spaced across the entire project area, and the 
plots are equally spaced on each transect, then the plot* 
would he the calculated distance apart. For example, 
suppose that 100 plots are to be installed in an even grid 
across a 100 hectare project area. One hundred divided 
by 100 is one. so each plot represents an area of 1 hect- 
are. One hectare is an area of 10.000 square meters. The 
square root of 10.000 is 100, so plots would be 10O me- 
ters apart In practice, transects that are not evenly dis 
tributed can still provide good estimates Hsry should, 
however, be far enough apart so that the trees on one 
plot have only a negligible impact on tree* on any other 
plot. Plots should be at least 30 meters apart unless the 
goal is an unusually high sampling intensity. 

tf the goal is to measure stocking of inter plantings 
in an area partially corned by established trees, plots 
should be ouissde the areas corned by existing trees. 
If the canopy of an existing tree corns any part of a 
plot, crews should move the plot center away from 
the tree until the entire plot is in the open. If existing 
trees arc loo dense for the plot to be in the open, crewx 
should continue along the transect until they reach an 
open site. (This approach works only for determining 
whether gaps in existing forests are being filled, not lor 
measuring total tree cover.) Do not move plots because 


they fall on brush clumps, debris piles, rock outcrops, 
roads, streams, or any other non tree cover. The goal Is 
to measure what exist*, not an idealized version. 

After measuring a plot, return to the plot center, 
relocate the bearing, and walk the specified number 
of paces to the next plot center If check cruising will 
occur, flags can be left and the bearings and starting 
points recorded. Otherwise, an entirely new stocking, 
survey can be done to determine whether the mean es- 
timated resuh of the two surveys Is similar. 

Except in wry steep area*, technician* do not have 
to adjust the distance between plots to correct for slope, 
If the area is very steep, locating transects so they gen- 
erally traverse slopes can minimize climbing. However, 
care must be taken to sample rsdgetopv midslopes, and 
valley bottoms roughly in proportion to the propor- 
tion of the site they occupy. If the slope of the transect 
is generally less than 50 percent (even if the terrain i* 
steeper), and If transect* are run until they reach the 
far side of the area rather than a specified number of 
paces, not correcting for slope will not substantially 
dump the plots. 

Field crews can quickly determine whether a seed- 
ling is inside or outside a plot using a tape of the exact 
length of the plot radius, and attaching one end of the 
tape to a stake. Place the stake at the plot center, and 
stretch out the tape to determine the location of the 
plot boundary. Distance* should be slope corrected for 
slopes greater than H> percent. Crews can then tally thr 
number of healthy tree* on the plot. 

The protocol should specify the approach to locat- 
ing transects and determining the distance along tran- 
sects between plot*, the minimum number of plot* to 
be measured. and the species or species groups to be 
tallied separately The protocol should also specify if 
plot centers arc to be (lagged for check cruising, along; 
with how to document the start of each transect. 

In addilon. the protocol should define what quali- 
fies as a healthy tree. Healthy seedlings usually have 
complete, green-colored foliage (not chlorotic), no sign 
of disease, unbroken stems, and only minor herbivwy 
damage In healthy seedling*, the ratio of leader growth 
to lateral growth i* greater than 1. Healthy seedlingsi 
may be free to grow or overtopped —meaning nearby 
vegetation substantially blocks direct sun from reach- 
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mg the upper part of the seedling A needling is also 
considered overtopped if nearby vegetation Is growing 
much more rapidly and U likely to overlop it in the fu- 
ture. A seedling can be classed as “free to grow" if it 
is healthy, is not overtopped, and has survived a mini- 
mum of three growing seasons. Individual seedlings 
must also have good form and a high probability of 
remaining or becoming vigorous, healthy, and domi- 
nant over undesired competing vegetation. If browse 
damage it a risk, quantifiers may require that trees at- 
tain a minimum height, such as 2 meters, before being 
classed as free to grow. 

The analysis of field data is relatively straightfor 
ward. The data are entered in a spreadsheet program, 
with separate rows for each plot, separate columns for 
each species or species group tallied, and a column for 
the total number of seedlings on each plot. If the goal 
la to find the proportion of growing space occupied, 
count the number of pfcu with at least one seedling 
present. If the goal Is to find the density of seedlings of 
each species, find the mean density per plot. Common 
spreadsheet programs can calculate confidence inter- 
vals. Then Kale up to the unit of interest, usually hect- 
ares or acres, by multiplying by the number of plots. 
For example, if plots average 1.5 trees, plots are 1/500 
hectare each, and the goal is to find the number of trees 
per hectare, multiply the number of trees per plot by 
500. In this case, the mean estimated number of trees 
per hectare U 750. Depending on the project, the us 
en of survey data may be more interested in the mean 
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estimated slocking or the lower bound of a confidence 
interval 

Quantifiers can estimate the mortality of planting? 
by subtracting the number of surviving live seedlings 
from the number planted. Unless trees are planted al 
evenly spaced intervals, counting dead or missing seed 
lings is not a reliable way to estimate mortality. 

Stocking surveys are an efficient way of assessing the 
effectiveness of efforts to establish trees. If a survey in- 
dicates that stocking is somewhat lower than the tar- 
get rate, it is best to either measure more plots or per- 
form another survey to determine whether the first sel 
of plots happened to land in spots with unusually low. 
stocking. 

If the goal is to assess the stocking of larger trees 
arrtal photographs or satellite imagery may be useful 
sources of information. Quantifiers can assess stocking 
by overlaying the photograph with a relatively fine grid 
and counting the proportion of grid cctb that are more 
than half covered by tree canopy (Avery and Burkhart 
1994 describe this method.) Quantifiers can use the 
same method to manually analyze remotely sensed 
imagery with pixels smaller than the width of the tree 
canopy, such as images with a l-meter or 2- meter reso- 
lution. Quantifiers can use vanous algorithms to ana 
lyre satellite imagery with pixels somewhat larger than 
tree canopies, such as Images with a K) meter to 30- 
meter resolution. Satellite imagery with coarser resolu- 
tion provides less reliable information on the propor- 
tion of tree cover. 
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Determining the Density 
of Woody Materials 


Some of the biomass equations used to convert physi- 
cal and chemical measurements of forest specimens to 
total carbon content require knowledge of the density 
of the specimens. (Density is defined as the mass of an 
obfcct divided by its volume, and typically is in grams 
per cubic centimeter.) When quantifying forest car- 
bon sequestration, analysts need density if equations 
return volume instead of mass. Published literature 
can often prov ide the density of a particular material. 
If that information is not available, analysis may haw 
to measure the density. This appendix describe* how 
to do so. 

Analysts find the density by sampling specimens, 
measuring the dry weight and volume of each, and di 
vidtng the mass (or weight) of the sample by iis vol- 
ume Biomass equations often report and use density 
as a specific gravity. The specific gravity of a substance 
is simply density divided by the density of water. Be- 
cause the density of water is 1 gram per cubic centime- 
ter. the specific gravity of' a substance is pm a short 
hand way of expressing the density of that substance 
in grams per cubic centimeter without having to write 
down the units. Expressing density as a specific grav- 
ity. therefore, requires calculating it in units of grams 
per cubic centimeter. For example, if wx»d is measured 
in pounds per cubic foot, divide by 62.43 pounds per 
cubic foot m get the specific gravity 


Trees 

Densities of a variety of parts of trees have been 
published— most for stem wood, but some foe stem 
bark. Ihe densities of other tree components are usu 
ally not available This section describes a method for 
determining tree density if one »s not available. Al- 
though this method is for wood and bari. it can be ap- 
plied to stems, branches, and mots. A similar method 
can be applied to foliage. 

Although trees vary in the proportions of biomasu 
that occur in their different components, using a den- 
sity calculated from tree boles provides acceptable re- 
sults. The wood of tree branches usually has a some- 
what higher density than stem wood (McAlister el al. 
2000). Bari density varies widely by species, but a tree’s 
bark is usually less dense than its wood, to studies 
that develop tree densities should include bark Roots 
and foliage arc usually measured by mats, not volume, 
so density measurements of foliage and roots are not 
needed to calculate carbon stocks in these components. 
Analysts can extrapolate density that is correct for stem 
wood and bari to the entire tree. 

Because density vanes widely across species, it is de- 
sirable to determine the density of individual species. 
If several species arc know n to have very similar densi- 
ties, then constructing an average for that group may 
be efficient. Information on the dry weight of a specific 
amount of lumber provides a good indication of the 
density of that wood. However, if analysis need densi- 
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(in (Of many speCK-v. and they group I hern because the 
com of measuring each species is too high, estimates 
of mass may have greater uncertainty. "The beM ap- 
proach is to use local knowledge to divide species into 
light, moderate, and heavy woods and calculate a den- 
sity for each group. The L'SDA's AgrtcuJrwrui Handbook 
(AH 188), available from the Forest Products Laboratory 
(http:iYwww.fpffs.fed.us), provides the densities of sev- 
eral doren US, and noo-U-S. species. The Intergovern- 
mental Panel on Climate Change provides the densities 
of several hundred tropical tree species (1PCC 2003L 
Unless otherwise stated, analysts should assume that 
densities are (or Mem wood only, not the whole tree. 

Analysts may use a variety ot methods to sample trees 
and calculate density. Whatever the method, analysts 
should weight measurements from different tree com- 
ponents in proportion to their relative masses. To per 
form such proportional weighting, do the following 

I. Make all samples the same shape (such as a com- 
plete disk 2 centimeters thkkk and take samples 
at uniform increments along the entire length of 
the tree and components (such as every i meters 
along the trunk and branches). 



I i n it is a » n is 8 a « si si t» 
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2. Take the number of samples In each tree compo- 
nent in proportion to the proportion of total vol- 
ume in that component. 

k During data analysis, weight the observations 
from samples in different components In pro- 
portion to the proportion of total volume In that 
component. 

I he approach of making all the samples the same 
shape and sampling at a fixed increment requires the 
least amount of information about the shape and mass 
of trees. In theoty. It avoids introshicing errors into the 
proportions of mass in different tree components. Use 
method also systematically samples possible variations 
in density in each tree component This approach is ef- 
be lent foe sampling the bole, but sampling branches 
requires a lot of effort because it results m numerous 
samples Irom small branches. Unless the sampling in- 
crement matches the length of logs, this method de 
strays the timber value of sampled trees. 

When the number of samples taken from each tree 
component is proportional to the proportion of mass in 
lhai component, the density of each sample h counted 
equally In calculating species density. In theory, this 



Figure At Generalised fractions of biomass in softwoods and hardwoods as a function of 
tree diameter relator to the tors] above. ground biomass Became each Iraclton Is reiMlor ro 
the total above-ground bonnets, the sum of the fractions, which include above and below 
ground bsomass. is greater than L 
Sourer From equations In lenkins et aL 2001 
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introduce error* when free part* of different diam- 
eters have different densities but in practice, this er- 
ror is small. This method requires a sampling strategy 
for proportional sampling, but limits opportunities for 
technicians to introduce bus by selecting nonrepre- 
sen l at i vc samples. Figure A.8 shows the proportion of 
mass in different components of hardwoods and soft 
woods as a function of diameter. When selecting sam 
pling intensities of different tree components, analysts 
should use proportions of the moderate to large trees 
that the protect expects to grow because most mass will 
he in these trees. 

Weighing is easiest if the number of samples from 
each tree component is proportional to the proportion 
of total mass in that component. Ibis requires estimat- 
ing the proportion of mass in each component Then, 
during data analysis, analysts weight the density cal- 
culated for each sample in proportion to the number 
of samples in its component and the proportion of to- 
tal mass in the component This method is described 
next This discussion assumes that a single species is 
being measured. If specific gravity is being developed 
for multiple species, sample each species in proportion 
to its estimated proportion in the toul mass expected 
to occur within the project area and increase the num- 
ber of samples to account for greater variation from 
sample to sample. 

Begin by selecting at feast 10 trees spanning the 
range of diameters and growth forms to which the 
density will be applied. Analysts should use at feast 
30 samples, more if they are calculating one density 
factor to apply to multiple species. Careful analysis of 
30 samples should yield a calculation of density with 
95 percent confidence that the observed mean specific 
gravity is within 3 percent of the actual density. More 
trees should he sampled if the crown closure ratio var- 
ies. if the samples include both suppressed and domi- 
nant trees, or if a narrower confidence interval U de- 
sired. If densities of individual tree components are 
needed, each component should be sampled separately, 
with enough intensity to yield the desired precision. 

Collect samples from predetermined points along 
the length of the tree hole. If logs of specific length are 
not needed, a simple method for obtaining four sam- 
ples per tree is the following: Take one sample tmme 


d lately ahene any butt swelling. Take a second sample- 
halfway between the first sample and the treetop. There 
take a third sample halfway between the first and sec- 
ond samples. Finally, take the fourth sample halfway- 
bet ween the second sample and the treetop. If the wood 
is valuable in logs of specific length, take samples at the 
base of the tree and at the top end of each log. If treesi 
are felled using a mechanical harvester, the first 60 cen- 
timelers or so above the cut is damaged by the gripping 
mechanism, so the samples should come from above or 
below the damaged area. 

Sample branches by randomly selecting the desired! 
number Many random sampling systems are easy to 
use. One example follows. The proportion of above- 
ground biomass that is in branches varies widely, with 
a midrange estimate of 20 percent. Suppose your goat 
is to obtain a density of aboveground wood and bark, 
in stems and branches. Assume that branches are 20 
percent of the mass, so one branch sample is desired: 
for every four bole samples. Technicians take three bole- 
samples in each tree sampled. In this case, they take a 
branch sample from the first three of every four trees, 
sampled, resulting in three branch samples for every 
12 bole samples For each tree where a branch sample is. 
to be taken, draw a random number with two decinuL 
places between zero and one. Suppose you draw 030. 
After the tree is felled, find the point three-tenths of the 
distance from the base of the crown toward the tree tip. 
Select the branch nearest this point. If branches art in 
whorls, use the same random number used to find the 
whorl to select a branch on the whorl Starting at the 
closest point, travel clockwise around the bole three- 
tenths of the way around Select the branch closest ta 
this point Draw another two digit random number. 
Suppose you draw 0.60. On the selected branch, find 
the point Mx-tenths of the distance from the bole to- 
ward (he branch tip. Sample at this point. This method 
gives equal probability of sampling any point along any 
branch. 

Take the samples by cutting a disk, a short length 
of tog or branch about 2 to 3 centimeters long If the 
disk is greater than about 8 centimeters in diameter, 
cut a wedge from the disk, like a slice of pie. with the 
point of the wedge near the pith at the center of the log 
and the bark on the wide end of the wedge (see Fig 
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are A.9). lhe cucl width of the wide cod of the wedge 
doe* not matter. Wider wedge* are ciuo to cut. Cut- 
ting a wedge that 1* no wider than of 3 to 6 centimeter* 
makes the samples lighter to carry and easaer to pro- 
cess. Narrower wedges are more likely to break. Stems, 
branches, and roots levs than about K centimeters in di- 
ameter arr easy to sample as entire disks. Pieces about 
5 to 20 centimeters in diameter are easy to sample as 
a half-circle. Cutting a wedge proportionally samples 
heart wood and sapwood and proportionally samples 
juvrrule wood near the center of the tree and mature 
wood near the outside of the tree. Samples taken from 
hollow trees do not have a point. 

It may be desirable to proportionally sample dear 
stem wood and knots. Field technicians can roughly 
estimate the proportion of knots In the tree bole. Be- 
cause branches grow in sire as the trunk grows In di- 
ameter. rinding the proportion of the total area of the 
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bole surface that is occupied by branches gives a rea- 
sonable approximation of the proportion of the tree 
volume that is knots. To obtain an estimate of the lotal 
branch area, the number of branches protruding from 
the stem can be counted and multiplied by the cross 
sectional area of an average branch where the branch 
emerges from the tree trunk. Include dead branches. 
The total bole area can be calculated by approx i mat 
ing the diameter of the tree at the base times it limes 
the total tree height times one-half. All terms should 
be in the same units. Dividing the total branch area by 
the total bole area gives the estimate of the proportion 
of the tree that Is knots. If the proportion of knots is 2 
percent and 30 samples are being collected, then knots 
should compose the equivalent ot about two-thirds of 
an average- site sample 

If the number of samples taken from each compo- 
nent is proportional to the mass in that component. 
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Figure A 9 Samples for measuring tree density. Wedges are generally most appropriate for pieces 
more than 20 centimeter* in diameter. Dtsks are vuttablr for pieces up to about 8 centimeter* In 
diameter. Half disks art suitable for in between sires. 
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field technicians only nerd to record the sample num- 
ber and field vvrt weight— theoretically- However, to 
Help tort out anomalous numbers or to allow analy- 
sis of variation in density by tree component, size, or 
other variables, technicians should record additional 
data, such as tree number, species, diameter at breast 
height, tree component, date of sampling, and general 
location. A lew words describing the stand structure 
and composition may be useful in deciding the kinds 
of stands to which to extrapolate the specific gravity. 
Each sample should be weighed immediately after cut- 
ting, labeled with the tree number and sample number, 
and sealed in a plastic bag. Use sample number should 
indicate where in the tree the sample was taken. For 
example, when samples are taken from the cutting al 
lowancc of logs cut to 10 meter lengths, one might be 
labeled 2 of 3. stem." This would indicate that the 
sample is from tree number A. that it is the second sam 
pie from the base of a tree where three samples were 
taken, and that this sample is from the stem Because 
of the pattern for locating samples, we know that this 
sample was taken at a little more than 10 meters plus 
stump height above the ground Technicians should la 
hd the samples with a permanent marker. If a sample 
breaks into pieces, each piece should be labeled with 
the code for that particular sample 

Samples should be processed within a few days or 
frozen until processing to limit decay. Find the volume 
of each piece by submerging it in a graduated cylin- 
der partially filled with a known volume of water and 
reading the volume when the sample is completely sub 
merged. Starting with a water volume that is a round 
number makes it easier to inspect the calculated vut 
umc* of samples and to check to see whether the sam- 
ple volume was calculated correctly. Samples generally 
float, but a piece of wire can be used to push t hem down 
until they are submerged The displacement from the 
sample should be read quickly to limit changes that oc- 
cur when water soaks into the sample The volume of 
the sample is the volume of water in the graduated cyl- 
inder while the piece is submerged minus the volume 
of water in the cylinder before the sample was inserted 
If this method is being used to calculate separate densi- 
ties for wood and bark, the bark must be removed from 
the wood and treated as a separate sample. Some water 


is lost from the cylinder with the measurement of each 
piece. After each measurement, inspect the water level 
and add more as needed . 

After measuring the volume, dry the samples to 
find the dry weight. Oven drying is fast, but it removes; 
volatile carbon from the sample (I.amlom and Savidgc 
2003) and reduces the observed density by up to 2 per 
cent. Ideally, samples are dried at room temperature 
in a vacuum drsiccator with a few minutes of vacuum 
each day This equipment may not be available, how- 
evtr. and samples of the siae recommended here would 
probably take many weeks to dry completely. Samples, 
should be dried in an environment with low relative 1 
humidity. At 27*C and 10 percent relative humidity, the 
equilibrium moisture content of wood is 2 4 percent; 
of the dry weight Wenger IW4). If heat is used to dry 
the samples, the temperature should not exceed 65*C 
(Harmon and Lap ha IW). Samples should be moot 
tored and dried until weight has been stable for at least- 
24 hours. Record the weight of the wood component 
and bark component of each dry sample 

Dividing the dry weight by the green volume yields, 
the density. Woody material shrinks as it dries, so the- 
volume of dry samples is smaller than the volume of 
those samples when wet in the field. Specific gravity tv 
applied to calculate the dry mass of trees measured in. 
the field, and those trees are measured at wet field sire 
Thus the wet volume— not the dry volume— is used to. 
calculate specific gravity. 

If the number of samples from each tree component 
is roughly proportional to the proportion of total mass, 
in that component, then simply averaging the densities, 
of all samples yields the whole-tree density. The stan 
dard error can be calculated using the equation for 
simple random sampling 

If the mass of samples taken from each tree compo- 
nent is proportional to the relative masses of the differ- 
ent components, whole tree density is calculated by ftrse 
determining the average specific gravity of each com- 
ponent and then finding the weighted average of I he 
specific gravities of each component. The weighted av- 
erage is found by multiplying each component density 
by the proportion of the total mass in that component 
and then summing Measuring components separately 
is like stratified sampling; methods in Appendix 2 for 
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calculating the confidence interval* of stratified yarn 
pling can be used to find the confidence interval in this 
case. 

If neither the mass of samples nor the number of 
samples from different tree components is proportional 
to the mass in each component, the calculation Is like 
that for stratified sampling, for which sampling is per- 
formed at different intensities within each stratum. 

Roots 

In the past, it has been acceptable to calculate root mass 
as a function of aboveground tree size and mass In 
the future, it may be necessary to measure root mass. 
This section describes methods for developing proj- 
ect-specific equations to predict root mass from above- 
ground tree measurements. 

When root mass Is calculated, often only the coarse 
root mass is estimated Fine roots are usually measured 
with soil or their mass is ignored. For forests with large 
trees, fine root biomass has been calculated as Jess than 
2 percent of the total tree and shrub biomass (Santanto- 
nk> et al. 1977). Articles on the biomass of woody roots 
often designate the boundary between fine and coarse 
roots as l-centimetcr in diameter 

Technicians can sample root mass by digging up 
roots, washing them to remove soil, weighing them in 
the field, taking subsampJcs, drying those, and con 
verting field weight to dry weight. Complete excavation 
starts at the stump and follows roots until they lermi 
nale or to a fixed distance from the cenlcr of the trre 
trunk. Needless to say. the process is laborious. Some 
studies limit the amount of work by excavating a circu- 
lar trench around the tree at a fixed distance from the 
tree center. The area encircled by the trench often has a 
radius of 2 meters or less, sometimes as little as 30 cen- 
timeters. To capture the bulk of root biomass but limit 
the amount of work, the excavated area should have a 
radius that is six times the radius of the tree. On the 
face of the trench toward the tree, count the cut roots 
and measure the diameter of each. Use these measure 
ments to estimate the mass of roots removed during 
trenching and present outside the trench Excavate the 
area encircled by the trench and weigh the roots 

Bledsoe and colleagues (1999) recommend sampling 
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root biomass by combining the excavation of the tree 
root ball and pits used to sample lateral root biomass. 
Fils arc randomly located in areas not included in the 
root ball excavation. (For more information, see Bled 
soe el al. 1999. Rohm 1979; and Vogt and PferMOn 1991. } 

Woody Debris 

Factors for the density and carbon content of woody 
debris are needed to convert field measurements of de- 
bm volume to mass Woody debris has the added com- 
plexity that its density changes as it decomposes. Den- 
sity usually decreases as wood decomposes Adding 
even greater complexity, some species lose a lot of den 
tity at moderate levels of decay, whereas others do not 
lose a large proportion of their density until far along; 
in the decomposition process. The density of species, 
with decay- resistant hcartwood and readily decorn 
posed tapwnod may fall as the sapwuod decomposes; 
and then rise again as the sapwood disappears and 
leaves relatively undecomposed heartwood. 

If a project analyst must determine the density op 
woody debris, he or she should do so outside the plots 
used to measure the mass of woody debris. This is 
because sampling removes some wood, and cutting 
speeds the decomposition of the remaining pieces. 
Analysts can determine a set of woody debris densities 
for the project and then apply them to pieces measured 
within the sampling plots. Densities may be used for 
both downed wood and snags 

Sampling for density requires making several chokes 
concerning species, decay classes, and the minimum, 
size of pieces. Different species have different starting 
densities and decay trajectories. Calculating the spe 
tific gravity of individual species is more accurate, but 
if a project encompasses many species, doing so may- 
be too costly. In addition, once material is fairly weff 
decomposed, it becomes difficult or impossible to iden- 
tify species in the field. Analysts can develop separate 
densities for undecomposed material from different 
species while also specifying a single density for Largely 
decomposed material. 

If grouping species, analysts should first do so ac- 
cording to the densities of the live wood. Common 
temperate species have densities from 0.31 to 064, and 
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tropical species have densities from 0.24 to greater than 
1.0. In a temperate region, a high- density specie* can 
have more than twice the mass per unit volume than 
a low- density species, and In the tropics, this ratio Is 
greater than four If analysts use a second variable to 
group species, they should try to separate species whose 
interior pieces remain minimally decomposed from 
species that decompose more evenly. For example, the 
core of western red cedar logs can remain sound even 
as the diameter of the pscce shrink*, whereas true firs 
tend to decompose more evenly. 

A five category system of decay classes ts recom- 
mended (see Figure A.IO and Table A. 14): 

1. Hard; bark mostly intact; branches not rotted. 

2. Hard, losing bark; fine branches rotted off. 

3. Soft exterior, hard interior, not totally conform- 
ing to ground topography. 

4. Soft: conforming to ground topography; partially 
buried. 

5. Decayed to chunks or muih; substantially buried. 

In this system of decay classes, some species lose 
very little density from class I to class 2. whereas oth- 
er* lose more than 25 percent. Less decay resistant spe- 
cies usually lose more density for a given visual con- 
dition. In decay-resistant species, especially those that 
develop large pieces of debris, claw 2 density is often 
fairly close to class I. The density of class 3 material is 
highly variable. In species that have cither lost a lot of 
density by class 2 or arc highly decay resistant, class 
3 density is not much lower than class 1 The specific 


gravities of class 4 and dass S material are simitar for 
many species Compared with the variation between 
specie* of class 1 densities, the variation in class 5 den- 
sities is modest. Most forested areas include only mod- 
est amounts of dass 5 material, so class 4 and dass 5 
material may be sampled together to limit costs. 

Harmon and Sexton (1996) provide densities by de- 
cay dass for selected tropical Mexican and western U.S. 
conifer species. Adams and Owens (2001) provide den- 
sities for 21 Appalachian hardwood species using three 
categories of decay. Their dass I is comparable to class I 
presented here Their dass 2 is equivalent to classes 2 
and 3 here. Their das* 3 is equivalent to classes 4 and 5 
here. 

Sometimes only two decay classes are used: hard 
and soft. This approach Is best for system* with very- 
fast decomposition rates and low levels of woody de- 
bris. Field technicians can distinguish the classes by 
firmly striking a ptece nf detritus with a machete. If the 
strike yields a firm thunk or a hollow or ringing sound, 
the piece is dassified at hard. If the sound of the strike 
is muffled, soft, or squishy. the piece is dassifid as soft 

Fine woody detritus is often defined as I to M) centi- 
meters in average diameter. Coarse debris is often de- 
fined as greater than 10 cent i meters in average diam- 
eter. Harmon and Sexton (1996) recommend designat- 
ing coarse debris as greater than 10 centimeters in di- 
ameter and more than 1.5 meters in length 

Once analyst shave chosen the categories to measure, 
field crews should collect samples within each category 
More samples are needed to get a tight estimate of' spe- 
cific gravity for debris than for live wood because the 
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Otis 1: Fine branch** not dacompotad. bath mtact wood not decomposed v*ct foiling. 



> t Limbs and mutt bark pratera, fine br a nche s decomposed, upwood becoming soA and ^out 



daet h Only limb Blubs present, sapwood soA or mitvmg and h*a»twood befuvw,g to soAm and become fibrous. 



Claes 4: Wood soA end fibrous or cubical, bole tuning to conform to ground 



Class 5: Decomposed «o mb-cal reddish brown Nocks, poivb* encased in a hard shell, generally substantial tuned 


Figure A.10 Classes of the decay of woody detritus. The state of dcawtjposjiion of woody debris 
u categorized by "class" The greater the class, the more decomposed the debris. 

Source Adapted from R. Bartels et aL 1985. Dead and down woody material, in Ahmdjftfmmi of 
Wildlife and Ftsh Habitats in Forest i in Oregon and Washington, ed. E.R. Brown, Washington: 
U.S. Government Printing Office, no. R6-F&WL-I92-I985. 171-86. 
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density varies within each debris class, Thirty samples 
per decay class arc likely to yield an estimate with a 
95 percent confidence interval that is about 5 percent 
of the estimated mean specific gravity. Ten samples 
per class generally yield an estimate with a 95 percent 
confidence interval that is about 10 percent of the esti- 
mated mean To limit costs, class 4 and dass S can be 
lumped together and only ten samples collected from 
class 1 material 1 urnping class 4 and class 5 increases 
the estimation error only slightly because dass 4 and 
dass 5 densities usually differ minimally and most sites 
have little dass 5 material. The sample size of dass I 
material can be reduced because density is usually less 
variable within that class. 

Decomposition often varies along the length of a 
piece of detritus, especially in the middle stages of de- 
coy. To minimize sampling bias, samples should be 
taken at a random point along the length of a piece of 
debris. When technicians encounter a piece they will 
sample, they can draw a random number between zero 
and one. Starling at the larger-diameter end of the 
pteceor the first end encountered if no end t» obviously 
larger, they can move along the length of the piece the 
proportion of the total distance matching the random 
number. For example, if the random number is 0.4, 
they move 40 percent of the length of the piece, start- 
ing from the large end. and sample at that point. 

If the piece Is solid enough to saw. they can cut a 
slice of material perpendicular to the long axis of the 
debris. This is like sampling to determine the density of 
wood. Because wood in contact with soil decays differ- 
ently from wood exposed to the air. reducing the size of 
individual samples by randomly cutting a wedge from 
a complete disk is not advisable. Instead, cut a wedge 
from the part of the disk that was against the ground, 
and cut a second wedge from the part of the disk that 
was away from the ground (see Figure A.ll). A sharp 
chainsaw will cut even relatively crumbly material if 
the chain is brought to full speed before it contacts the 
debris. If the material is prone to crumbling, techni- 
cians should record the dimensions of each piece im- 
mediately after cutting it and before bagging and trans- 
porting it so analysts can calculate the volume later 
from the dimensions. Ihis method may require cutting 
the sample free from the rest of the detritus and gen- 
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Figure A.ll Sampling Urge pieces of paniatly decom- 
posed woody debris Because wood In contact with soil 
decays differently from wood exposed to the air, reduc- 
ing the lire of individual samples by randomly cutting 
a wedge from a complete disk is not advisable. Instead, 
cut a wedge from the pan of the disk that was against the 
ground, and cut a second wedge from the part of the disk 
that was away from the ground. The density of the sample 
U found by dividing mas* by volume The specific grav- 
ity of a class of debris is found by averaging all samples of 
that class, Confidence intervals can be calculated for each 
dost using the equation for a simple random sample 

tiy clearing the detritus away from the sample without 
moving the sample. Material that crumbles into chunks 
oe mush can be scooped into a bag, with mineral soil 
carefully excluded. 

Using methods similar to those for measuring the 
specific gravity of wood, samples should be labeled, 
their volume should he measured, (hen samples should 
be dried, and their dry weight should be measured. 
This process assumes that all samples are dried to ob- 
tain dry weight, so there Is no need to measure field wet 
weight. When measuring the volume of decayed frag- 
ments. analysts may need to use a screen or other de- 
vice to push the fragments below the surface of the wa- 
ter. Analysts may hast to dump the entire contents of 
the graduated cylinder used to measure volume into a 
relatively fine mesh sieve to collect all the fragments. 
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litter 

Quantifier* can find litter density by recording the area 
of the ground from which the litter was collected, mea- 
suring the thickness of the litter layer, and weighing 
the sampled litter. Because litter depth may vary sig- 
nificantly between points a few centimeters apart, field 
crew's should take several depth measurements on each 
subplot. I Six teen measurements in a 4-by~4-mcter grid 
pattern can prov ide a reasonably accurate view of aver- 
age litter thickness.) Multiplying litter depth by surface 
area yield* the volume of litter collected, and dividing 
this volume into the mass of litter collected yields the 
density. Litter density often changes with the time of 
year, so quantifier* should use density factors that are 
appropriate to the time of sampling. One way to do this 
is to calculate the litter density for the project from 
measurements made on the first 20 or 30 plots sampled 
Litter density can also vary across vegetation types. (If 
sampling is stratified to reflect different types of vege 
tat son, quantifier* may develop a Utter density for each 
stratum or an average density for all strata.) 

Processing Utter Subsamples 

When measuring the proportion of carbon in litter, 
quantifiers can use subcam pies collected for determm- 


Determining the Density of Woody Materials 

mg the ratio of dry weight to wet weight for carbon 
analysis. If biomass sampling is stratified, they should 
consider whether to use the same stratification for ana- 
lyzing litter carbon. Stratification of biomass sampling 
is usually driven by variation in productivity or man- 
agement, whereas variation in litter carbon stocks usu- 
ally depends more on decomposition rate*. 

After drying and weighing Utter subsamples to de- 
termine dry weight, qua nil tiers can use them to find the 
proportion of carbon in litter The reported variation 
in the proportion* of carbon in different plant compo- 
nents suggests that 10 samples w ill probably give a con- 
fidence interval of about 2 percent. Because sample* are 
collected for other reasons, the cost of using them to 
determine carbon content is the cost of grinding and 
running them through an analysis. Ihis cost should be 
modest, and quantifiers should analyze at least 30 to 4U 
samples to measure the carbon content of Utter 

To measure the carbon content of wood. Utter, or de- 
tritus. quantifer* use infrared absorption or gas chro- 
matography to quantify the carbon dioxide emissions 
from dry combustion of the subsamples. 
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Correcting for Degree of Slope 


Carbon Mocks arc calculated per unit of area, with the 
area measured on a flat. Horizontal plane. If the land is 
flat and smooch. the actual surface area of soil equals 
the Horizontal area. However, land is often not flat. As 
land becomes steeper and more dissected, the surface 
area becomes ever greater than the Horizontal area 
(Figure A.12). Quantifiers and crews need to correct for 
this effect when determining plot size because errors 
multiply as quantifier* expand carbon stocks oo plots 
to eMimalc stocks across an entire project. 

There are two ways to correct for land slope. Ihc rec- 
ommended method is to do so in the held, using slope 
distance, which reflects both horizontal distance and 
slope, The other approach is to use plots of uniform 
size to make held measurements and then use slope 
distance to mathematically expand the measured area 
du ring analysts. The latter approach slightly reduces the 
sampling intensity but requires recording the slope ob 
served on each plot. On large plots that include changes 
in terrain, assigning a single slope is difficult. If slope 
correction occurs during data analysis, the correction 
expands an ellipse to a circle as a function of slope (the 
equation is not presented here! 

On slight slopes, the slope distance U almost the 
same as the horizontal distance Protocol* should spec 
ify a slope angle above which slope distance is cor- 
rected. usually 10 to 15 percent. On slopes flatter than 
the threshold angle, crews can ignore slope correction. 
On a K> percent slope, the correction is to add 05 per- 
cent to the distance being measured. On a 15 percent 



Figure A.12 Correcting far sloping terrain Carbon stocks 
are calculated per unit of area, with the area measured 
on a flat, horizontal plane. If the land is flat and smooth, 
the actual surface area of soil equals the horirontal area 
However, land is often not flat. As land becomes steeper 
and more dissected, the surface area becomes evrr 
greater than the horizontal area. Quantifiers and crews 
need lo correct for this effect when determining carbon 
Mocks. The actual horizontal distance is obtained from 
measurements of the slope distance and plot slope 
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Correcting foe the Degree of Slope 


Table AT5 Slope Correction 


1 sl °p» 

(percent) 

Slope distance 
(meters) 


0.1 -hectare 

0.01 hectare 
pint 

0.002 -hectare 
plot 

0005 hectare 
plot 
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pi« 
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2.52 

3.99 
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1* 
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399 

(.79 

10 
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567 

2M 

— 
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1.79 

15 

1504 

5.71 
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4.03 
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20 

1519 
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4.07 

U2 

25 

15.39 
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260 

4.11 
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30 

15.63 
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4.17 

1.86 

35 

IMO 
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267 

4.2) 

1 89 

40 

19.22 
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172 | 4.W 

1.92 

(5 


6.19 

277 

4.)7 

1.96 

50 

19,95 

631 

2S2 

4.46 

1.99 

55 

-** - 
aa m 

*44 

268 

4.55 

204 

- -i 


2.94 

4.65 

208 

65 

21.28 

671 

3.01 

4.76 

to 

70 

21.75 

659 

308 

4*7 

2-.S 

75 

22 JO 

7.05 


499 

12) 

HO 

22.55 

7JJ 

52) 

M. 

2.28 


214 2 

740 

1)1 

524 

1)4 

w 

24.00 

7.59 

3J9 

5J7 

2.40 

95 

24j6! 

778 

341 

550 

246 

too 

an 

7.9S 

337 


152 


Noier. This table show* dope distances (in meters) by dope (in percent) for circular plots of given area*. To uve thU 
table, measure the dope and find the column for the plot wze. The number m this cell is the dope distance, which gives 
an accurate horizontal distance for the plot, f or example, if the dope angle in the direction for which the plot edge is 
being determined is 30 percent, and crews are trying to find the edge of a 04)1 hectare circular plot, they would measure 
$419 meters along the ground surface. Crews measure the slope angle along the line between the plot center and the 
point on the edge of the plot they are trying to determine. The slope angle will vary as the direction from plot center 
varies. For esample. when measuring straight across a Urge, smooth hill slope, crews will use a slope of zero. even 
though the slope might be quite steep if they travel straight uphill or downhill from plot center. 
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dope, the correction is to add ] percent to the distance 
being measured. The threshold for slope correction 
should be set at about the limit of the precision ex- 
pected of field crews. If crews are expected to measure 
distances to within ± 0.5 percent, then the slope above 
which distances should be corrected is K> percent. 

For modest dopes, when crews are measuring dis- 
tances with a tape, they can often correct for slope by 
simply holding the measuring tape horizontally. Simi- 
larly, when they are measuring distances using an elec- 
tronic device, they can often measure horizontally. 
When using a rigid frame to determine subplot bound- 
aries, such asa 0 5-meter by-0.5-metef square for sam- 
pling litter, technician* can correct for slope by holding 
the frame horizontally, resting it on the ground at the 
high point of the subplot boundary. Crews can then cut 
the litter along the line directly below the frame edge. 

On steep slopes, and sometimes when measuring 
uphill, technicians will not be able to measure hori- 
zontally In those cases, they should measure the slope 
angle and use a slope correction table to determine 
the appropriate distance for locating the plot bound- 
ary Field crews must have slope correction tables for 
each distance they will be measuring. (See Table A 15 
for distances used in the default protocol.) 

Although this manual uses percent as the units foe 
measuring slope, quantifiers could use degrees instead 
Whatever the unit, they should use it exclusively, as 
a correction tabic for one unit is not accurate for the 
other Furthermore, conversion between percent and 
degrees is not linear A zero degree slope is the same as 
a zero-percent slope, but a 45 degree slope »s a 100 per 
cent slope A 90 degree slope is a perfectly vertical cliff, 
which has an infinite-percent slope 

Slope correction tables can be created for any dis- 


tance When slopes are measured tn percent, an equa- 
tion for calculating slope distance it based on the 
Pythagorean theorem, which states that for a right tri- 
angle, the squared length of the hypotenuse equals 
the sum of the squared lengths of the other two sides. 
Ihe slope distance is the length of the hypotenuse, and 
solving for that yields the equation 



where D is the desired horizontal distance. f> b the dis- 
tance to be measured along the slope, t is the slope an- 
gle m percent. 

If slope is measured in degrees, crews can calculate 
dope corrections In the field using a calculator with 
trigonometric functions However, this creates an op- 
portunity for introducing mistakes in key punching, 
and it is safer to use a slope correction table even when 
working in degrees When calculating the slope correc- 
tion with slope in degrees, crews need few keystrokes to 
use the equation 


D. 


D 

cosS 


Equation All 2 


where D is the desired horizontal distance. D t is the 
distance to be measured along the slope, 5 is the slope 
angle in degrees, and cos is the costgn trigonometric 
function. 

Note that some spreadsheets and calculators require 
users lo enter the angle in radians instead of degrees 
If this is the case, crews must convert degrees to radi- 
ans (iosign is less than one (except it is equal to one 
where slope is zero), so the slope distance will alwayx 
be greater than or equal to the horizontal distance 
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Calculating Carbon Stock 
and Changes in Carbon Stock 


this appendix describes how to calculate carbon stock 
and changes in carbon stock from data collected using 
the default method discussed in Chapler 6. This appen- 
dix begins by describing calculations made using mea- 
surements from each subplot. Subplot measurements 
are scaled to common units of mass and area, such as 
Ions per hectare, and summed. 


Litter 

Fldd crews measure the mass of litter within a square 
frame that i* 0.5 meters on each side. If the frame is 
horizontal, it covers an area of 0,25 square meters. A 
subsamplc of litter is collected, weighed in the field, 
taken to a lab, dried, and weighed again. Ihc ratio of 
dry to wet weight is found by dividing the dry weight 
of the subsample by Us field wet weight The dry weight 
of the litter sample is found by multiplying the held 
wet weight of the entire litter sample from the 0.25- 
square-meter plot by the dry-to-wet ratio for that plot. 
A hectare is lOjOOO square meters, so the plot is 1/40.000 
hectare. The litter mass on a per- hectare basis is found 
by multiplying the sample mass by 40.000. Quantifiers 
convert grams to tons by dividing by 1.000.000 to yield 
the litter mass in metric tons per hectare. 

If the frame was not horizontal when the sample was 
collected, slope correction is required. On a slope, the 
frame can be hdd horizon tally and the litter cut along 
the line directly below tbc inside edge of the frame. If 
crews do not use this procedure, and instead lay the 


frame directly on a slope, the area sampled is less than 
0.25 square meters. Slope correction expands the area, 
sampled to 0.25 meters (see Appendix II). 

When slopes are recorded, recording them in per 
cent makes calculations less complex. When slopes are 
measured in percent, the slope correction equation is 

H'c i'-(jjjj) IquitM" AIM 


where IV t is the slope -corrected dry weight of the litter 
on the subplot. IV fl is the measured dry weight of the 
litter on the subplot, and t is the slope angle of the sub- 
plot measured in percent. 

Note that when the slope is zero, the corrected 
weight ts the same as the uncoirccted weight For posi- 
tive slopes, the corrected weight is always greater than 
the uncorrected weight because a frame covers less 
horizontal distance when it ts tipped than when it If 
horizontal. 

For example, say the measured dry weight of littci 
collected with the frame placed on the slope is I.50C 
grams. If the slope is 20 percent, then 


W c ■ISOOxJM — -I500X 


If the slope is measured in degrees, the equation to cor- 
rect for slope is 


W c m W p x ICO 


Cquat*oo A12.Z 
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where W c ii the dope-corrected dry weight of the litter 
on the subplot, W D is the measured dry weight of the 
litter on the subplot, and sec s is the secant of slope an- 
gle i where the slope angle is measured in degrees. 

As with the correction when slope is measured in 
percent, the corrected weight is greater than the un- 
corrected weight because the sloping frame covers less 
horizontal distance than a frame in a horizontal posi 
tlon Note that many trigonometric functions in elec- 
tronic spreadsheets require degrees to be converted to 
radians. 

Woody Debris 

Methods for calculating the mass of woody debris are 
similar for fine and coarse debris. However, an adjust 
ment factor may be added to the calculation for fine 
debris to correct for the fact that the long axis of small 
pieces may not be parallel to the ground surface. The 
lengths of the transects for the two types of debris are 
different, but the equations are the same. A shorter 
transect is needed for fine debris because fine pieces 
occur more frequently than coarse pieces. 

Ihc equation for calculating the volume of coarse 
debris Is 

w*xYd> 

V • — * ■ Equation At 2 1 

II 

where V Is the volume in cubic meters per square me- 
ter. n Is the constant .V 140927. d is the diameter in me- 
ters of each piece of debris, and L is the length of the 
transect in meters (van Wagner 1968). 

This equation works for transects and debus of any 
length, as long as all inputs and outputs are in the same 
units For example, if the transect lengths and piece di 
ameters are in feet, the volume would be in cubic feel 
per square foot. Quantifiers convert volume per square 
meter to volume per hectare by multiplying by 10.000. 
They convert volume of dry biomass in cubic meters 
to metric tons by multiplying by ihe specific gravity of 
woody debris. They convert dry biomass to carbon by 
multiplying by the carbon content of woody debris. 

For analyzing project data, quantifiers can enter 
this equation into a spreadsheet program If they do. 
they can enter the diameter, species, and decay class 


of each piece in a row. Then they calculate the volume- 
per hectare represented by that piece, with reference U> 
the transect length. They use conditional statements or 
lookup tables to select a specific gravity as a function of 
species and decay class. Specific gravity is used to cal- 
culate mass. Next, they calculate carbon content as a< 
function of mass and the proportion of the mass that iw 
carbon. Then they sum all pieces of debris on each plot 
to find the number of tons of carbon per hectare roca 
cured on each plot 

liquation A12.3 applies when all the factors, such a* 
piece diameters and transect length, are in the same- 
units, such as meters, and volume is in cub sc meters 
per square meter. Quantifiers can modify this equation 
for different units. In the United States, much forestry 
work is performed in English units, but OHO offsets, 
are denominated in metric tons To find volume in cu- 
bic meters per acre, when diameters arc In inches an<fl 
the length of the transect is in feet, use the following; 
equation: 



Equal*)* A 12 4 


where V is the volume in cubic meters pet acre, d \% 
the diameter of each piece of debris intercepted on the 
transect in inches, and E is the length of the transect 
in feet. 

If quantifiers need very accurate numbers for fine 
debris, they should use an additional adjustment for 
this material This may be needed because tbc transect: 
method assumes that Ihc long axis of each piece of de- 
bris U horizontal. The equation sums probabilities that 
each piece will lie flat on the ground with its long axis 
at a random angle to the transect and that intersections 
will occur at random points along the length of each 
piece. Large pieces of debris almost always lie relatively 
flat on the ground, but small pieces of debris ofien dci 
not lie flat. As the long axis of a piece of debris becomes 
more vertical, the horizontal distance covered by it« 
long axis decreases and the probability of Intersection 
by a transect decreases As a result, debris that ts not 
flat is undercounted. 

The correction factor for the slope of the long axis 
ts the secant of that slope thrown and Roussopoulos 
1974). Harmon and Sexton <1996) present factors of Ml 
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for hardwood pieces 0.63 to 2.54 centimeters m dume 
I er. 1j03 for hardwood pieces 2-54 to 762 centimeters 
in diameter. 1.13 for conifer pieces 0.63 to 2.54 centi- 
meters in diameter, and 1.10 for conifer pieces 2.54 to 
762 centimeters In dia merer. In practice, ignoring this 
correction factor means that woody debris mass is un- 
derenunted only slightly. That is because pieces smaller 
than 1 centimeter In diameter arc included in litter, 
pieces larger than a couple of centimeters In diameter 
have a small correction factor, and very little mass in 
pieces would have a correction larger than 1 10 (and 
even then the correction factor would not exceed 1.13). 
Harmon and Secton also provide factors for merely 
counting the number of intersections of pieces of small 
debris of given sire classes, rather than measuring the 
dia meter of each small piece. 

If crews measure the lengths and multiple diame- 
ters of individual pieces of wood, quantifiers use dif- 
ferent equations to calculate volume. If the quantifier 
would like to use a method that relies on algebra rather 
than trigonometric functions to expand plot measure 
merits to volume, crews can measure the sues of In- 
dividual pieces of woody debris on plots with fixed 
areas. These methods are more time consuming than 
transcct-lntctccpt methods, but they arc easier to un- 
derstand. so observers may accept them more readily. 
Note that when crews measure woody slebris on plots 
with fixed areas, they should measure only the parts 
of pieces within the plot boundary. If a piece of debris 
is only partly within a plot, the piece is measured as if 
it ends at the plot boundary. If crews measure mate- 
rial outside the plot boundary, quantifiers will overes- 
timate the mass of debris. 

When length and end diameters are measured for 
each piece of debris, the volume of each piece can be 
calculated as a section of a cone 

V-«A, + (A > xA t j"*4 l )(3 equation *12.5 

where V Is the volume in cubic meters, L b the length 
of the piece in meters. A,, is the area of the base of the 
pscce in meters squared, and A, is the area of the top 
of the piece in meters squared (Harmon and Sexton 
1996). 

Recall that the area of a circle Is 


Calculating Carbon Stock 

Aalxr 1 Equation A12 6 

where A is the area and r is the radius. If the peer is 
substantially ellipsoid, ihe Urge and small diameters 
should be measured and the cross sectional area cal- 
culated using the appropriate equation for an ellipsoid 
The equation for the area of an ellipse isi 

Area-*x(D_„/2)*(D„„f2> Equation A.1 27 

where D mmt Is the length of the maximum diameter 
and D mlm is ihe length of the minimum diameter. 

Quantificrscommonly calculate the volume of pieces 
of woody debris as sections of a cone, an approach that 
is reUliveiy accurate, especially if tree trunks are bro- 
ken into sections Trees are not actually come shaped- 
trunks are usually closer to a paraboloid shape (like a 
cone swollen toward tlx tip) above any swelling at the- 
base. Trees with butt swelling are more accurately de- 
scribed as a ncslosd shape. 

The equation for a paraboloid is 

V = MA, + A,)/2 Equation A12.8 

where V is the volume in cubic meters. L Is the length of 
the piece in meters. Aj. is the area of Ihe base of the piece 
in meters squared, and A, Is the area of the top of the 
piece in meters squared (Harmon and Sexton 1996). 

The paraboloid equation is particularly appropri- 
ate to snags and stumps that arc decomposed down ta 
a blob of material and that have a top diameter con 
sidered to be zero (Harmon and Sexton 1996). (See the 
lilcrature on tree taper equations for more deUil ami 
species-specific equations.) 

Once quantifiers calculate the volume of debns. 
they can calculate caibon mass. Biomass is calculated 
by multiplying volume by specific gravity. (See Table 
A.I4 for default specific gravities for svqody debris by- 
decay class) Quantifiers should use any specific gravi- 
ties measured on the prefect instead of default vaiues. 
Thcy calculate caibon mass by multiplying the tout 
weight of the biomass by Ihe proportion of that mass 
that Is carbon. They can assume that the proportion of 
the mass that is carbon in detritus is the same as the 
proportion In undecomposed wood of the species (Sol— 
lins et aL 1987). (See Table A.13 for the proportions of 
carbon in different species of wood.) 



335 


Appendix 12 


Standing Dead Trees 

The appropriate method for calculating the biomass 
of a snag varies by its decay class The methods pre- 
sented here start with the least decomposed and prog- 
ress to the most decomposed. Decomposition classes 
for coarse woody debris parallel those for standing dead 
trees, and adjustments to biomass estimates to account 
for changes in density as material decomposes are sim 
liar. Stumps are treated as snags. Regardless of height, 
their top diameter and base diameter are measured and 
recorded, not their diameter at breast height. 

The mass of freshly dead trees can be calculated as 
if the tree were alive. The foliage of many freshly dead 
trees is gone, so a biomass equation that includes fo- 
liage would usually overestimate the biomass of these 
trees by 2 to 7 percent, depending on tree species and 
size. However, most projects will have few freshly dead 
trees, so the result ingovcresti motion of foliage biomass 
will be small relative to total biomass 

If, because of some unusual mortality event, a sig- 
nificant proportion of the project biomass is in freshly 
dead trees, quantisers can estimate the mass of foliage 
and subtract it from the total aboveground biomass. 
BIOPAK provides equations for estimating the foli- 
age biomass of a number of North American species. 
If a species-specific equation Is not available, quantifi- 
ers can use the equations of Jenkins ct al. (2003) listed 
above. 

Quantifiers can reasonably assume that freshly dead 
trees have the same specific gravity as live trees, and 
they do not need to adjust for loss of biomass from de 
composition. When fine branches are present, quanti- 
fiers can assume that coarse roots have not yet dccom 
posed and use the same method used to estimate the 
coarse root biomass of live trees to estimate the coarse 
root biomass of freshly dead trees. Fine root bsomass 
is usually included in assessments of soil carbon, not 
tree carbon. If so. quantifiers do not need to account for 
rapid decomposition of fine roots after tree death. 

Standing dead trees in decay dais 2 are defined as 
having hard wood in the boles, but with fine branches 
rotted off and possibly missing bark. Such trees are a 
borderline case. Quantifiers could estimate their mass 


using methods for trees in decay class I. but it Is more 
conservative to use the methods (described below) for 
trees in decay class 3. 

Regardless of which method quantifiers use to cal- 
culate the biomass of dais 2 trees, they should account 
for loss of density from decomposition Estimates of 
the biomass of a Hue tree should be reduced by the ratio- 
of the density of the decay class and species to the den- 
sity of that species when alive: 

Bp * ®i * | j Equation A12.9 

where is the biomass of the partially decomposed 
tree. B t is the biomass that tree would have if alive, tip. 
is the density of that species of tree in the particular de- 
composition dais, and P, It the density of that species 
of tree when alive. The two density numbers must be 
in the unitlcss factor specific gravity or must be in the 
same units, such as pounds per cubic foot. 

Quantifiers can assume that root decomposition oc- 
curs at the same rate as aboveground decomposition. 
With thu assumption, quantifiers calculate the aboveg- 
round bmmass first, adjusting foe loss of mass from de 
composition. They then assume the same proportion of 
coarse root biomass to aboveground biomass as for a 
live tree of that species and size and multiply this pro 
portion by the aboveground biomass to estimate the re- 
maining coarse root biomass. 

Trees in decay dais 3 are defined as having sub- 
stantial rot in the bole but a generally hard core. These 
trees will be missing their tops as well as most branches 
and bark. Quantifiers should estimate the mass of these 
trees by calculating their volume and multiplying by 
the specific gravity. 

The process for calculating the biomass of snags 
resembles that for calculating the biomass of coarse 
woody debris on plots with fixed areas. Quantifiers 
first calculate the volume of each piece, then multiply 
by its density to calculate mass. Unlike when calculat- 
ing coarse woody debris, quantifiers do account for the 
remaining coarse root biomass. The most common ap- 
proach to estimating the volume of a snag is to assume 
that it is a truncated section of a cone. 

When calculating the volume of a snag as a conic 
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section. quantifiers calculate (lie volume of each tree. 
As discussed earlier, trees are not actually cone shaped. 
Above any swelling at the base, tree trunks are gener- 
ally closer to a paraboloid shape The equation for a pa- 
raboloid is: V « L(A k ♦ A, )/ 2 - 

Volume equations that account for taper have been 
developed for a variety of tree speoes used for Umber, 
such as pines grown in the southeastern United States. 
Many of these equations require only diameter and 
height as inputs. However, these equations are very 
specific and generally apply to a single species, and they 
may apply only to trees grown under certain stand his* 
tories. For example, thinning has been shown to make 
boles more parabolic in shape and Increase the amount 
of biomat* in branches and foliage (Baldwin et al. 2000). 
(For more information on estimating tree volume as 
shapes other than conic sections, see Wenger 1984 and 
Harmon and Sexton 1996. PilUbury and Kirkley 1984 
describes methods for measuring hardwood tree vol- 
ume as a sum of stem and major branch segments.) 

Once quantifiers have calculated the volume of de- 
bris, they can calculate carbon mats by multiplying 
volume by specific gravity. (See Table A.I4 for default 
specific gravities for woody debris by decay class.) As 
described earlier, quantifiers calculate carbon mast by 
multiplying the total biomass weight by the proportion 
of that mass that is carbon. Ihey can assume that the 
proportion carbon in detritus is the same as the pro- 
portion in undecomposcd wood of the species (Sollins 
et al. 1987). (See Table A. 13 for proportions of carbon in 
different species of wood.) 

Snags in decay class 4 are defined as soft -with no 
remaining hard, minimally decomposed core. Snag* in 
decay class 5 have decomposed to a mound of pieces of 
woody detritus. Quantifiers can calculate the volume 
of snags in decay classes 4 and 5 using the same method 
as for snags In decay class 3. If quantifiers calculate 
snags in decay classes 2 and 3 os sections of cones, they 
may want to calculate snags in decay class 4 and 5 as 
paraboloids. For substantially decomposed trees and 
blobs, the top diameter is considered zero (Harmon 
and Sexton 1996). Quantifiers convert volume to mass 
using the same method as for snags in decay class 3. but 
they use the specific gravity for the appropriate class. 


Live Trees 

Quantifiers calculate live tree mass using the methods 
described in the section on measuring live trees. Equa- 
tions estimate aboveground biomass as a function of 
tree species, diameter, and height, and a different equa- 
tion estimate* below-ground mas*. The two masses are- 
summed to get the total bsomavt for the tree. Quanti 
hers use a species-specific carbon ratio to convert bso 
mass to carbon. 

If field crews measure larger trees than analysts- 
used to develop biomass equations, quantifiers must 
use other equations to calculate the mass of those trees. 
Using biomass equation* for inappropriately large tree*, 
will almost certainly result in substantial errors. 

If trees have broken tops that are more than a few* 
centimeters in diameter but less than onc-lhird the di 
a meter at breast height, and quantifiers arc using an 
equation for intact trees (rather than a conic section) to 
estimate biomass, they should use a taper equation to 
calculate the mass of the missing top. The taper cqua 
tion should be used to estimate the total tree height aw 
if the top had not been broken. Quantifiers use the total 
height to calculate the mass of the total tree and then, 
subtract the mass of the missing top. If few broken- 
topped trees are present, quantifiers may simply caku 
Ute the mass as if each tree were of the observed height 
but with no broken top. This method will underesti- 
mate the mass of the tree, but the total error in the car- 
bon cakulation should be small. If trees have a broken 
top with a diameter greater than about one-third the- 
diameter at breast height, quantifiers can calculate the- 
bole mass as a truncated conic section and multiply by- 
wood density— similar to (he method used to calculatr 
mass of woody debris. This underestimates aboveg- 
round biomass because it docs not count branch and 
foliage mass or the bulging shape of most tree trunks. 
However, the total error should be small. 

Quantifiers sum the tree masses on each subplot. 
They then divide the mass on each subplot by the area 
of the subplot in hectares to yield the mass per hect- 
are. These masses per hectare are summed across the 
subplots. 
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Calculating Total Sequestration 

If the project Is using stratification, the next step is to 
group plot measurements by stratum Quantifiers can 
find the average change In carbon stocks in the stratum 
by averaging the amounts observed on the plots within 
the stratum. They should also calculate the standard de- 
viation and standard error for each stratum. (In mak- 
ing these calculations, the sample sate n is the number 
of plots In the stratum.) Quantifiers calculate the total 
change within the stratum by multiplying the average 
change in carbon stock per hectare by the number of 
hectares in the stratum. 


Quantifiers calculate the total project sequestration 
by summing the sequestration on all strata. They cal- 
culate errors and uncertalntses by taking a weighted 
average of errors on each stratum. The weighted stan- 
dard error ts calculated as 

aj x ’r, Equation At MO 

where s, is the standard error of the estimated mean 
sequestration across the entire project area, across 
strata h 1 to Jk; n k is I he number of plots in stratum h: 
n is the number of plots In all strata; and r fj is the stan- 
dard error estimated for stratum h. 
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Adapting Biomass Equations 
from One Species to Another 


If two specks haw similar growth forms, a biomass 
equation for one specks can he adapted to give reliable 
results fine the other specks. Growth forms are simitar 
if trunk tapers at different tree diameters and heights 
arc similar, numbers and sizes of branches are simi- 
lar, and bark thickness is similar. Similar foliage den 
ttty is less Important because foliage composes only a 
small portion of tree biomass. The key consideration 
in adapting an equation from one specks to another 
is the density of each specks: quantifiers should make 
an adjustment tf the densities differ Species with sim- 
ilar growth forms often base Significantly different 
densities. 

To adapt the density of one species to another spe 
cks. multiply the predicted mass by a density adjust- 
ment factor: 

F • Equation All.l 

Rt> 

where F is the density adjustment factor. D 0 is the den- 
sity (or specific gravity) of the origl nal specks for whkh 
the equation was created, and D N is the density of the 


new species to which the equation will be applied. The 
two densities must be in (he same units. 

Analysts have developed relatively few equations for 
large trees, and even fewer equations use both height 
and diameter to predict the bsomass of large trees. This 
is not surprising because cutting down and weigh- 
ing several very large trees is onerous. Quantifiers may 
adapt an equation for large trees of a different species 
to the species of interest. The two specks should have 
similar growth forms. Assuming that the quantifier has 
a valid equation for smaller trees of the species of in- 
terest. and if the diameter ranges of the two equations 
overlap, quantifiers can test whether the equation for 
big trees gives reasonable estimates of the biomass of 
trees of the specks of interest. This testing can be done 
by using both equations to predict the mass of a tree of 
a diameter foe which both equations arc valid. If the 
two predicted masses arc simitar, and the two species 
have similar growth forms, then quantifiers can apply 
the equation for large trees of one species to large trees 
of the other specks. 
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Developing New 
Biomass Equations 


When sppropeiale biomass equations arc nol avail- 
able, quantifiers must develop their own. 11111 appen- 
dix describes the concepts on which biomass equal inns 
are founded, methods for sampling trees for creating 
biomass equations, and methods for anatyring sample 
data to generate biomass equations 

the usual approach to deseloping biomass equa- 
tions is to cut down and weigh a number of trees, rang- 
ing from the smallest to the largest, to which the bio- 
mass equation will be applied Subsamptei art dried to 
determine the ratio of dry 10 field wet weight, and the 
dry weight of aboveground tree biomass is calculated 
from measured held wet weights Regression is used to 
deselop an equation from the measured tree weights. 
Root mass is predicted as a function of species and di- 
ameter. (See Bledsoe et al. 1999 for methods for sam- 
pling root biomass.) In a forest, roots intertwine and 
even grow together, so. other than for main roots, as- 
signing a root to a stem may be impossible. 

Choosing the Range of Trees 

The first step in developing a btonuts equation is choos- 
ing the tree population to which the equation will apply. 
The population boundaries include geographic area, 
type of tree (or trees), and their sixes The geographic 
boundaries may coincide with project boundaries or 
they may be broader. The range of tree diameters must 
reflect the full range of diameters to which the equa- 


tion will be applied. Applying equations 10 Irees out- 
side the sires for which the equations were developed 
may not yield accurate estimates of biomass. 

Tree biomass, as a function of height and diameter, 
varies across the geographic range of a species (Clark 
1987). Became the shape of trees changes with dllfercru 
stages o] maturity, it makes sense to separate young trees 
with rapid height grow th from mature trees that have 
very little height growth. By this logic, the dividing line 
between small and large trees should be roughly the di 
ameter where change in height becomes much smaller 
relative to change in diameter. Tree equations fit bet- 
ter when developed separately for small trees and Urge 
trees, with the split occurring around -10 centimeters 
diameter at breasl height (Yuancal and Parresol 2001). 
Quantifiers might otherwise select a split that matches 
the division between cUmcs of log use so a single equa- 
tion applies to all trees in a single class (CUrk. Phillips. 
Frederick 198b), 

Although sampling Urge Irees takes much more ef- 
fort than sampling small trees, trees as large as will be 
obsersed on the protect area must be sampled to de- 
velop biomass equations. It is not reliable to use cqua 
lions to predict the biomass of trees Urges than the 
trees from which the equations were developed. The 
absolute error in biomass predictions will be greatest 
in predictions for Urge trees, so limiting total error 
requires obtaining the best possible estimates of the 
masses of Urge trees. 
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If very Urge trees cannot be destructively sampled, 
(he volume of their boles and major branches can be 
measured by intensive but nondestructive means, and 
the mass can be calculated using information on den- 
sity tie specific gravity from medium-sired trees (see 
Appendix H» Pillsbury and Kirkley (1984) present a 
method for categorizing and measuring tree branch 
volumes. Parresol (1999) shows how to estimate the 
masses of small branches and use ratios Valentine. 
Trotton. Furnlval (1984) and Gregoire, Valentine, Fur- 
nival (1995) provide a method for tubsampling and es 
timaiing branch mass. 

For prefects that trill grew trees, developing equa- 
tions for Urge trees that do not yet eeist within the 
prefect boundary requires sampling trees outside the 
boundary. The climate and productivity of selected 
Unds should match those of project lands as closely as 
possible. 

the history of a stand affects the shape of the trees 
and thus the mass as a function of height and dUmeter. 
For a given height and diameter, trees that develop with 
wide spacing have different mass than trees that develop 
with tight spacing (llaldwin ct al. 2000. Thomas rt al. 
1995). However, thinning may have more impact than 
initial spacing (Baldwin et al. 2000k Whether a tree is 
suppressed or dominant also affects the biomass as a 
function of diameter at breast height (N’atdu. DeLucia. 
Ihomas 1998). As shown in Appendix 6. trees with Ihe 
same diameter at breast height can have very different 
heights and correspondingly different biomass. Height 
differences can arise from differences In both vile pro- 
ductivity and tree spacing The tree population selected 
foe sampling should reflect variation in stand histories 
and site productivity as much as possible. 

Choosing the Categories to Address 

Ihe main concern in developing tree biomass equations 
is choosing which species, size range, and geographical 
range to address. Quantifiers may want to develop one 
equation to cover species with similar densities and 
growth forms. 

For woody debris, categories are a key issue. The 
best approach is to use the five decay cUsses described 
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In Appendix 10, along wilh cross sections of tree holes 
that do not decompose A two-cUss system of hard and 
soft is best for species and systems that decompose reU- 
tlvcty evenly across the cross section of the bole. 

Ihe process described here assumes that quantifiers 
are developing biomass equations for a single species. 
If they are developing an equation for multiple species, 
they should rely on prior knowledge or pilot tesling la 
ensure that the species have similar growth forms and 
wood densities. Quantifiers should also sample more 
trees than they would if developing an equation for a 
single species. They could estimate the variability lit 
density ftom the literature and use this variability and 
equations from a text on regression modeling in esti- 
mate the number of trees to sample to obtain the de- 
sired level of precision However, this process is some- 
what complex (Sec lohnson 2000 and Wharton and 
Cunia 1987.) 

Quantifiers should use sample trees well distributed 
across the range of diameters to which the biomass 
equation will apply. Because large-diameter trees oc- 
cur much less often than small-diameter trees, a sim- 
ple random sample of all trees would have to be very 
large to yield enough large diameter trees. The best ap- 
proach u to usea version of si ratified sampling (see Ap- 
pendix I): stratify by diameter and limit the sampling 
lo one or a few trees per stratum. Thu approach is ap- 
propriate because Ihe goal is to determine ihe relation- 
ship of biomass of an tndividoal tree lo its height and 
diameter, not to predict the biomass of a stand or the 
total mass of trees within a particular area. If produc- 
tivity varies significantly across the project area, sam- 
pling should also he stratified by productivity. To limil 
tile number of trees that must he sampled, quantifiers 
can divide site productivity (or stand density during 
development) into only two strata. 

To choose strata div ided by diameter, first define 
the minimum and maximum diameters to be encom- 
passed by the equation The mini mum diameter should 
be 5 centimeters diameter al breast height to allow 
tighter-fnting of equations As noted, if resources allow 
sampling of more trees, quantifiers may want lo samplc 
vo.nu; trees with rapid height growth per unit of di- 
ameter growth separately from mature trees with little 
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height growth relative to the umr increment of change 
in diameter. If quantifier* need an equation for unall 
tree*, they may want to create one equation for smaller 
trees and a second equation for larger trees. 

Next, determine the total number of trees to sample. 
Hie minimum is 30 trees, but at least 50 trees is best 
(A Id red and Alcmdag 1988, West 20031. (See Johnson 
2000, Wharton and Cunta 198?. Aldxed and Alemdag 
1988, and Parresol 1999 for equations for estimating 
confidence intervals for different forms of regression 
equations.) Sclecl the number of trees to be sampled in 
each size class Divide the total number of trees to be 
sampled by the number of trees sampled in each size 
class to yield the number of diameter classes. 

To determine the range of each diameter class, sub- 
tract the minimum diameter to be sampled from the 
maximum diameter to be sampled. Divide the range 
of diameters to be sampled by the number of diameter 
classes. This yields the span of each diameter class The 
smallest size class would extend from the minimum 
diameler to the minimum diameter plus the size-class 
span. The next- smallest size class would extend from 
the upper boundary of the smallest class to that size 
phis the sire-class span Repeat the process to define 
all sire classes to be sampled. If the equation will apply 
only to young and moderate age forests, the largest size 
class should be a fixed range, like all the smaller sue 
classes. If the equation will apply to an old-growth for 
est that may have very rare trees of very Urge size, the 
largest size ebss should be open ended, to allow sam- 
pling of a very large tree if one is encountered 

Rounding the span to an even number is helpful. 
Rounding down requires an increase in the number 
of sampled trees to maintain the desired number of 
trees in each diameter class. If rounding up. additional 
trees must be sampled tn some size classes to reach the 
desired total of sampled trees. Sampling more trees in a 
particular size class gives it more weight when const met- 
ing a regression equation. As a result, when more trees 
arc sampled in some size cUsses. those classes should 
contain the largest proportion of biomass, to mini- 
mize total error in predictions across a project area. 

When considering the potential range of tree diam- 
eters. quantifiers should also identify the height of a 
tall tree of the species and size range that will be sam- 


pled. They will use this height later to separate sampled 
trees, to limit correlation between sampled trees 

Identifying Sampling Locations and Trees 

Landowners are often unwilling to cut trees to develop 
biomass equations. Gaining permission to sample re- 
quires either paying for destroyed trees or convincing 
Undowners that the research is worthwhile. 

The goal of having a relatively small sample that rep- 
resents the range of trees to which the biomass equa- 
tion will be applied guides the choice of method for 
selecting specific trees to sample. Regression assumes 
that all the points being regressed are independent Be- 
cause adjacent trees interact, sampling adjacent trees 
violates this assumption. Some early studies sampled 
all trees on a plot Ihis would be efficient fur devel 
oping a stand -level equation. However, the goal is to 
develop equations for individual trees Thus sampled 
trees should be at least as far apart as the height of the 
tallest tree. Ideally, quantifiers would sample only one 
tree per stand. 

To avoid bias, trees must be sampled randomly or 
through a method that approximates random sampling 
(see Appendix I). Totally random sampling would re- 
quire identifying the diameter cUst to which each tree 
belongs and then randomly selecting trees from each 
class. For equations that will apply to a Urge area, this 
would require an impractical amount of work and the 
availably of all trees for destructive sampling In prac- 
tice. access limits and conservation requirements may 
make some trees unavailable. 

Methods that choose trees using a random start and 
sample plots along a transect yield results similar to 
strict random selection (Avery and Burkhart 1994). It 
is desirable to consider the range of sites to which the 
equation will apply and classify lands as high or low 
productivity. Sampling high-productivity sites sepa 
rately from low-productivity sites will give a range o£ 
heights for each diameter sampled. The set of high 
productivity areas and low productivity areas become 
separate pools for selecting individual trees to sample. 
If site productivity is relatively homogeneous, quantifi- 
ers may decide to sample stands with wide tree spacing 
separately from stands with narrow tree spacing This 
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division would require expert judgment, as the sam- 
pling necessary to quantify the effects of past spacing 
would be costly. Quantifiers combine data on all trees 
for regression analysis. 

Consider the likely proportion of hollow trees or 
stems with substantial decomposition. If most trees in 
a diameter class are sound, stems in which more than 
2 percent of the bole volume is missing or decomposed 
should be rejected. However, if substantial decomposi- 
tion is the norm in large trees, quantifiers may decide to 
sample whatever tree is initially selected, regardless of 
decomposition. In that case, nonlinear regression will 
be needed to fit a curve to information on tree weight, 
and the predictive value of the biomass equation will be 
lower than if substantial decomposition were not pres- 
ent. If the project area includes a significant number 
of hollow trees, quantifiers should measure the sixes of 
hollows using destructive sampling, establish guide 
lines for characterizing the size of hollow areas, and in- 
clude the characterization in the protocol for mcasur 
ing change in tree biomass. 

Within accessible lands, randomly choose twice as 
many starting points as there are trees to be sampled. 
Randomly choose a direction for each starting point. 
Ordet the randomly selected points in a sequence such 
that it is relatively efficient to travel from one starling 
point to the next. 

During fieldwork, technicians should proceed to 
the first randomly selected starting point. Consider a 
plot having a horizontal radius equal to half the height 
of the tall tree identified when choosing the diameter 
range to sample. Identify the largest diameter class in 
which more trees are needed. Start searching the plot 
foe a tree in this class. Sample the first tree encountered 
that is the selected size, rejecting the tree only If it has 
a broken top or if it violates any limits on the degree of 
decomposition. Do not reject the tree because it is not 
vigorous or because it has less- than ideal growth form. 
The goal is to develop an equation to estimate the bio- 
mass of a range of trees, not an ideal tree. If a tree is 
found and sampled, move to the next plot. 

If no tree of the first size class of interest is found on 
the plot, determine the next largest size class for which 
trees need to be sampled. Sample the first such tree en- 
countered that does not have a broken topi If a tree is 
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encountered and sampled, move to the next plot. If n<i 
tree such tree is found, determine the next-largest size 
class for which trees need to be sampled and search foe 
such a tree. Repeat this process until a tree is sampled 
or no more size classes remain. If a tree has been sam- 
pled. go to the next starting point and start the search 
process again. 

If no tree was sampled at the plot centered on the 
starting point, then find the randomly selected direc- 
tion assigned to the currcnl plot. Travel in that direc- 
tion for a distance equal to the identified height of j 
tall tree. If this next plot center is outside the bound* 
ary of the area to be sampled, stop and go to the next 
starling point. If the plot center is within the area to be 
sampled, determine the largest size class for which an- 
other sample tree is needed. Search for an appropriate 
tree and sample the first such tree encountered or move: 
in the selected direction if no appropriate tree is found. 
Repeat this process until a tree is found and sampled 
sampling is complete, or the edge of the plot is reached. 
If the edge is reached before all needed trees have been 
sampled, go to the next starting point and continue 
sampling tl is acceptable if a plot overlaps a plot asso- 
ciated with a previously surveyed starting point. 

Traveling to new starling points takes time, and 
thus exacts a cost, but sampled trees must represent 
(he range of trees and situations to which the biomass 
equation will be applied. The amount of travel time 
is also modest relative to the amount of time needed 
for sampling. This process will involve traveling to *1 
least as many starting points as there are trees to be 
sampled. 

Instead of random sampling, quantifiers may use a 
systematic sample. This approach to locating plots is 
best suited to situations where only one or a few Urge 
blocks of trees are avaibble foe sampling. Divide the 
area available for sampling using a rectangular grid 
such that the number of intersections in the grid is 
roughly twice the number of trees to be sampled. Then 
randomly choose a starting point for sampling, ap- 
ply the grid so an intersection is located at the start- 
ing point, and move systematically through the points 
represented by grid line intersections. All needed trees 
may be sampled before all grid points are visited, and 
that is acceptable. (Sec Avery and Burkhart 1991 and 
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other forest measurement texts for more on how to set 
up a systematic sampling grid.) 

Ihe process of choosing specific trees to sample as- 
sumes that Urge trees are rarer than small trees, and it 
thus gives priority to seeking and sampling large trees. 
If the selected height of a tall tree is greater than 25 
meters or so. several hectares worth of plot area will 
he available foe looking foe the largest trees before all 
the preselected starting points have been searched If. 
despite this prioritization, not enough large trees have 
been sampled when all preselected starting points have 
been surveyed, held technicians can search for Urge 
trees using whatever method they prefer. As long as 
they sample the first acceptable tree they encounter, 
bias introduced by nonrandom sampling should be 
negligible. 

Weighing Tree Pieces in the Field 

For remote locations, crews can use a block and tackle 
to lift substantial pieces of tree trunk. With a chain 
saw and rope, they can cut saplings at the site and 
fashion them into a tripod for holding the block and 
tackle. Crews can place the tripod over large pieces, 
avoiding the need to move the pieces horizontally. If 
heavy equipment is not available, trees can be cut into 
small pieces for weighing, and labor can be substituted 
for machinery. If the trees are valuable, it is probably 
worthwhile to arrange for equipment that can lift mer- 
chantable logs, to allow the sale of the timber. 

Sampling Trees in the Field 

liquipment for sampling trees in the field includes a 
chain saw. toppers, tarps. a Urge-capacity scale that 
reads to three significant digits, a 10 kilogram scale that 
reads to three significant digits, and permanent mark- 
ers. Tarps are useful for weighing branches, sawdust, 
and any small tree parts that fall off larger parts. Sup- 
plies include data sheets and large, sealable plastic bags 
for subsamples. If sample sites are accessible to wheeled 
or tracked equipment, a fog loader (or any other piece 
of equipment suitable foe lifting intact logs) and load 
cell for measuring force can dramatically speed field- 
work. If crews use a loader, they will need a chain or 


equivalent to attach the load cell to the loader’s lift- 
ing apparatus. Chokers are also useful for lifting logs_ 
Make sure the hooks on chokers can he attached to the 
eve on the load celL 

If a loader is not available, crews will have to cut 
trees into pieces small enough to lift by hand. A peavey. 
burly field technicians, and a leveT lifting system make- 
the process more tractable. If the weighing device can, 
easily tare to zero weight, tare the device while lifting 
the empty tarp or cable, and then lift and weigh the 
tree piece. If the weighing device does not easily tare to 
zero, for each piece weighed, record the gross weight of 
the tree piece, including whatever tarp or cable is usetk 
to lift H. and record the weight of the tarp or cable not 
including any tree part Subtracting to find net weights- 
in the field invites errors, so that should occur in the- 
office. 

Ideally, all sampling should be done when trees arr 
not wet from precipitation, to limit variation in dry-to- 
wet weight ratios of subsamples. Dry material is more- 
important for foliage measurements than for bote mca 
surements. In some climates and with some species, 
water content will vary measurably by time of day and 
season This variation will increase the variance of the 
observed dry- to- wet w eight ratios. 

Ihe process for sampling and weighing trees de- 
pends on whether they are to be harvested for lum- 
ber. Urge trees are valuable, and destructive sampling; 
may be available only if It leaves logs suitable for sale. 
This would require a load cell or other device that mea- 
sures up to several tons. A 10- meter- long log with * 
midpoint diameter of O ft meters (313 inches) can eas- 
ily weigh 5 metric tons, and a 10-metcr-long log with m 
midpoint diameter of 1.2 meters (48 inches) can easily 
weigh 10 metric tons. If power equipment is not avail- 
able for weighing logs, pieces will have to be cut small 
enough to be lifted for weighing 

After selecting the tree to be sampled, note on the 
list of trees to be sampled that a tree of the appropriate 
diameter dais has been measured. Before felling the 
tree, record the plot coordinates (or other plot location 
code). Then measure and record the tree’s diameter and 
height. Fell the tree. If the tree will be cut into many 
pieces, place a tarp to collect the bulk of live sawdust, 
and weigh the sawdust Use a measuring tape or la 
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scr measuring device to measure the tree height along 
(he fdled stem (including allovar.ee for the stump), 
to check the height measured while the tree was still 
standing. Record the height measurement from the 
felled stem. 

Crews will take four subsamples from each tree, for 
determining the ratio of dry weight to wet weight One 
subsample will be branch and foliage material, and 
three will be stem bark and wood. Ibis ratio is roughly 
proportional to the masses of branches plus foliage to 
stem nuts in most trees. 

To determine where to take subsamples. first mea- 
sure the length of the live crown. Generate a random 
number between zero and one to three decimal places 
and multiply it by the length of the live crown. Starling 
at the base of the live crown, move toward the tree tip 
the distance calculated by multiplying the live crown 
length by the random number. Collect the subsample 
at this point. For example, if the Use crown U 10 me- 
ters long and the random number it 0.675, crews would 
measure 6.75 meters up from the base of the live crown. 
Select the branch that is closest to the tubsampling 
point. If the closest branch is in a whorl of branches, 
select the branch that is closest to pointing straight up 
in the air Weigh this branch with its attached foliage 
and dead twigs, and record this weight on the section 
of the data sheet for total branch weights. 

During data analysis, quantifiers will sum all branch 
wrtghts and stem weights. They will multiply each of 
these sums by the dry-to-wet weight ratio for the re- 
spective components and add the dry weights to yield 
total dry weight of the aboveground biomass of the 
tree. 

If the branch is too Urge to conveniently bag. trans- 
port. and dry. cut twigs (with foliage) off the main stem 
of the branch and place all the twigs and foliage on a 
tarp. Then cut the main stem of the branch into short 
sections of about equal length, select and retain every 
third section, and discard the rest. Divide the twig and 
foliage material into three equal-sued piles. Select one 
of the three and discard the rest. Combine the retained 
twig and foliage material with the retained branch 
stem matcnal. If this still does not reduce the mass of 
branch material to a manageable amount, divide each 
pile in half again and discard half. Although it is best 
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if the average wet subsample weight is no more than. 
2 kilograms, some subsamples can be up to 10 kilo- 
grams. and many subsamples can weigh about 1 kilo- 
gram. After creating a subsample of acceptable size, dm 
the following; tare a scale to the bag in which it will br 
stored, place the subsample in the bag; seal and weigh 
the hag. and write on the hag the tree number, the label 
of branch subsample, and its field wet weight. Retain 
the suhsainplc for processing. 

Next, cut all branches from the bole of the tree, place 
them on tarps. and weigh them. Record the weight (or 
weights if there is too much material to weigh at one 
time). If the weights include tarps or other contain- 
ment or lifting material, record the weights of this ma- 
terial next to the gross weights. If the scale is larcd to 
mo while the tarp (or other containment material) i* 
lifted, and the recorded weights include the tree mate 
rial, then record zero in the column for the lifting ap 
para! us weight. 

Cut off any stump at ground level. Weigh the stump, 
record the weight as stump weight, and record the 
weight of any lifting apparatus that quantifiers will 
have to subtract from the measured weight to find the* 
weight of the tree stump. 

If the tree trunk does not need to be cut into spe- 
cific lengths for timber, cut the trunk into thirds oP 
equal length. Weigh the trunk, or each trunk section 
if more convenient, and record the weight. Also, record 
the weight of any lifting apparatus, which will be sub- 
tracted from the measured weight to find the weight oP 
the tree material. 

From the large -diameter end of each tree trunk sec- 
tion. cut a disk of wood 2 to 4 cent i inters thick. If a disk, 
weighs less than 1 kilogram, bag the entire disk- If the 
disk weighs 1 to 2 kilograms, cut the disk into two half 
circles and retain one half. If the disk weighs more than 
2 kilograms, cut a wedge of wood shaped like a slice of 
pie so the point of the wedge is located at the pith of 
the stem and the wide part of the wedge k* the hark 
The goal is to obtain a subsamplc that weighs no more 
than 2 kilograms Very thin wedges are hard to cut ac- 
curately. and for large-diameter stems, the subsamples 
may weigh more than 2 kilograms. Tare the scale to 
the bag weight and individually weigh each subsaniple. 
Write the tree number, sample location (stem bottom. 
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middie. or lop), and held wet weight on each (ample 
and hag. If samples are broken to fit Into a bag. write 
the sample information on each piece. Include all bark. 
Record the field wet weight of each sample 

If the tree trunk is to be bucked into specific lengths 
for timber, leave an extra 3 centimeters in the waste al 
lowancc of each log. for cutting a suhsamplc from be- 
tween each log. Buck the tree, weigh each piece, and 
record the weights prior to subsamphng. 

If the tree fields only one log. cut two wedge sam 
pies from opposite sides of the top of the stump and one 
subsample from the base of the tree tip section. If the 
tree trunk yields two logs, cut one suhsamplc from the 
stump, one from the top of the first log or the bottom of 
the second log, and one from the bottom of the tree tip 
segment or the top of the second log. If the tree yields 
three or more logs, cut one subsample from the stump, 
one from the top of the first log or bottom of the second 
log. and one from the top of the top log or bottom of the 
tree tip segment Follow the same procedure for sizing, 
cutting, weighing, and labeling subsamples described 
above. 

Processing Subsamples 

As soon as possible, samples should be dried at 65"C 
until their weight Is constant. This usually takes several 
days, longer for branch segments that are longer than a 
few centimeters. Immediately after drying, weigh and 
record the dry weight of each subsample. If the sub- 
sample is in pieces, weigh all pieces together. 

Analyzing the Data 

To analyze all the field data, first calculate and inspect 
the dry-to-wet weight ratios of each subsample. exam- 
ining any extraordinary values to see if they are erro- 
neous. If any are incorrect, try to correct them using 
the redundancy in data recording or other means. If 
correction is impossible, discard the ratio for that sub 
sample. Next, calculate an average value and standard 
deviation for the wcMo-dry ratios of all branch/foliage 
sobsamples. Because only a single branch/foliage sub 
sample is measured from each tree, quantifiers can- 


not do statistics to determine the sampling error. In- 
stead. they should multiply the field wet weight of the 
branches and foliage of each tree by the average dry- 
to wet weight ratio for the branches and foliage of all 
trees sampled. This yields a dry weight estimate for the 
foliage and branches of each tree sampled. The stan- 
dard error of the estimate can be calculated and re- 
ported for the average dry-to-wet weight ratio of all 
trees sampled. 

Next, for each tree sampled, find the average ofi 
the dry-to-wet weight ratios of the three subsamples. 
Multiply the ratio for each tree by the measured green 
weight of the tree bole to calculate the dry weight ofi 
the tree bole. For each tree, sum the dry weights of the 
stem, foliage, and branches to calculate the dry' weight 
of the total aboveground biomass. 

Analysts have used a variety of forms of regres 
sioo equations to predict tree biomass as a function of 
height and diameter Aldred and Alemdag (1988) and 
Parreso! (1999) assess the strengths and weaknesses of 
several model forms. 

Because tree density is relatively constant across tree 
sizes, quantifiers can use equation forms developed for 
calculating tree volume to calculate tree biomass (Al* 
dred and Alemdag 1988). Tree biomass equations are 
more directly applicable to measuring carbon stocks, 
than tree volume equations. Quantifiers must convert 
the results of volume equations to mass by multiplying, 
by wood and bark density, and this gives more oppor- 
tunity for error. Volume equations arc also harder to- 
create than simple biomass equations (For a detailed: 
description of how to develop tree stem volume cqua 
tkms and forms of equations, see West (2003].) 

Crown biomass is the most variable component, 
of aboveground biomass Measuring the live crown, 
length can slightly improve estimates of total above- 
ground tree biomass, but the improvement is so small 
that it is not wxsrlh the effort (Aldred and Alemdag; 
1988). 

Typical biomass equations forms are 

Af » n x D 2 x W, 

Af » «♦ (b x D* x H), Equation A14.1 

Af = « x /)* x ff 
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where M is the aboveground biomass of the tree; a, h. 
and c are regression coefficients. D is the diameter at 
breast height, and H ts the total tree height. 

Each equation is developed for specific units of mass, 
diameter, and height. Equations with y intercept terms 
often give inaccurate predictions at the small end of the 
diameter range However, because the total biomass of 
small trees is small, these errors will not significantly 
affect the outcome (Aldred and Alemdag 198ft). 

Biomass equations often use the logarithms of di- 
ameter. height, and biomass for two reasons. First, tree 
biomass does to not grow linearly with diameter and 
height, and the relationship of the logarithms of these 
variables is substantially linear. Second, regression 
requires that the errors be constant across the range 
of the equation, but untransformed values produce 
Larger errors at larger diameters. Log transformation 
makes errors constant across the range of values. Base 
10 logarithms have been used in transformations, but 
the natural logarithm (base e) transformation seems 
to be favored for conducting ordinary least squares 
regression. 

When log- transformed equations are used, back- 
transforming with the antilog to yield hionuss esti- 
mates In terms of the original units underestimates 
biomass. Quantifiers can correct the estimate by a fac- 
tor that includes the variance about the logarithmic 
regression line. (Johnson (2000) and Wenger [IWM| 
provide such factors; see Par resol |1999| for a more 
complete discussion.) 

Quantifiers can avoid this correction by us- 
ing a weighted equation instead of a nonlinear log 
t ra informed equal Ion. When variance of er rorschangp* 
as a function of a variable or variables, weighting by a 
function of that variable can make the variance con- 
stant over the observed range. Weighted equations can 
give tight confidence intervals around biomass esti- 
mates, without uncertainty about whether the antilog 
bias correction is accurate (Parresol 2001). 

For small trees, the regression mode! recommended 
here is 

M - b x D 1 * H Equation A14.2 


Developing New Biomass Equations 

where M is the aboveground biomass of the tree, b 
is a regression coefficient. D is the diameter at breast 
height, and H is the total tree height. 

This model has geometric correspondence to the 
volume of the bole of trees. Because it passes through 
the origin, it can be fitted to give good results for small- 
diameter trees with a positive diameter at breast height 
(Aldred and Alemdag 1988). Because the bulk of tree 
biomass is in the bole, it is desirable to use an equation 
that reflects tree bole geometry. 

For larger trees, quantifiers can obtain a somewhat 
better fit using the following equation: 

M * ♦ (f», x f) 2 x H) Equation A14.J- 

where Af is the aboveground biomass of the tree. b 0 and 
f» t are regression coefficients, D is the diameter at breasi 
height, and H is the total tree height (Parresol 1999). 
This model has hot c rose edastic variance, and errors 
should be modeled. Errors cannot simply be reported 
using the fit index r\ 

A generic equation for stem wood volume that will 
return a volume estimate that is within about 15 per- 
cent of the correct value for many species is 

V y m 0.28IP 1 " x H lw Equation A14.4 

where V v is the volume in cubk meters of stem wood 
(excluding bark) from ground to upper tip. D U the di 
a meter of the tree at breast height (over bark) in meters, 
and H is the total tree height in meters (West 2003). 
This equation was created by averaging volume predic- 
tions of equations developed for individual hardwood 
and softwood species from around the world 

Provisional equations should he checked to ensure 
that predicted biomass does not decrease as diameter 
increases (except possibly for trees that become hol- 
low at targe diameters). Quantifiers should also check, 
that errors are normally distributed and that the equal 
variance rule is not grossly violated. Inspection of a 
scatter pteKrf error, can meal nonlinearity Error, 
can be weighted by the (actor of l/|D ; *//). and af- 
ter weighting, the errors should show equal variance 
across the range of tree sties addressed by the equa- 
tion (Aldred and Alemdag I98A). If a provisional equa- 
tion fails any of these tests, additional fitting should be 
performed. 
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Appendhc 14 

Validating the Equations 

Ideally, factors should be validated by apply mg them to 
data other than those from which they were developed. 
However, such data usually do not exist because that is 
why new equations were developed, 

Still, quantifiers can collect additional data for use 
in validation. For tree biomass equations, tree field 
weight can be measured, and the ratio of dry- to- field 
weight can be developed in the research used to cal* 
culalc their dry weight. This is still significant work, 
but less than the complete set of measurements used to 
construct equations. 

If validating, quantifiers use points near the end of 


the range to which the equation applies, especially the 
end where most sequestration occurs. For tree biomass 
equations, this mean* using some large trees tor valida- 
tion. The equations should be accurate where the larg 
est amounts of sequestration will occur. 

An alternative to collecting field data for validation 
is comparing predictions from the new equations to 
existing equations. "These include the generic equations 
above, as wdl as the equations and sources of equations 
included in the section on writing monitoring plans 
(see Chapter 2). Results from the new equations obvi- 
ously will not match results from existing equations, ot 
it would have been fine to use the existing ones. How- 
ever. the differences should vary in a predictable way. 
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Appendix 15 

Using Stand-Level Equations 


Stand Icvd equations predict carbon stock per unit of 
area instead of per tingle specimen. Biomass equations 
for individual trees are usually more accurate than 
stand-level equations. However, if detailed data on in- 
dividual specimens and Ihclr carbon content may be 
too expensive to obtain, stand-level equations may be 
the best option Stand level equations are most reliable 
when applied to stands dominated by trees of relatively 
uniform sire. 

Mott stand-level equations predict carbon mass as 
a function of tree species and the average diameter at 
breast height of trees in the stand. Biomass expansion 
factors, on the other hand, predict total aboveground 
biomass as a function of merchantable timber volume. 

When limited data on forests are available, that in- 
formation may Include the dominant species and aver- 
age diameter of trees in the stand If not. these aspects 
arc relatively inexpensive to measure. However, stand- 
level equations are confounded by variation in site pro- 
ductivity. and they do not account for different stand 
histories, which affect the amount of carbon storage in 
woody debris and litter. 

Tree density affects carbon stock in two ways that a 
simple stand level equation does not address. First, if 
a stand has fewer trees than average, even if each tree 
contains the same amount of carbon as all others of the 
same diameter, that less-dense stand will have levs car- 
bon per unit area than a denser stand. Second, on any 
given site and foe any given diameter, trees that grow 
more densely tend to be taller than trees that grow less 


densely, thinning can base an even greater effect on 
biomass as a function of diameter than tree spacing at 
stand initiation [Baldwin ct at. 2000. Naidu at al. 1998. 
Thomas et aL 19951. Because of these dynamics, stand- 
level equations bared on average stand diameter can 
yield biomass estimates that are 30 to -10 percent larger 
or smaller than estimates made using individual tree 
diameters (lenkins et al. 2003). Whether such large po- 
tential errors are acceptable will depend on the rcgula 
tocy or market system. 

Another approach to estimating stand-level car- 
bon slocks is to use a biomass expansion factor to esti- 
mate carbon mass as a function of merchantable tim- 
ber volume and forest type. Such expansion factors 
are larger for lower timber volumes. This reflects typi- 
cal sund conditions, in which lower volumes mean 
smaller trees, which have a higher propnrlion of bio- 
mass in noometchantable parts. As with stand-level 
equations, biomass expansion factors are easy to ap- 
ply to projected nr cruised limber volumes. Like other 
stand-level equations, biomass expansion factors apply 
an average value that integrates the Impact of manage- 
ment and disturbance histories. As a result, for some 
stands, the biomass estimated by calculating the mass 
of individual trees and woody debris can differ mark- 
edly from the biomass calculated using a biomass ex- 
pansson factor. The largest differences lend to occur tn 
stands with lower volumes of growing stock ISmtth. 
Heath, and Jenkins 2003). 
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Appendix 16 

Calculating Changes in 
Carbon Sequestration When 
Soil Density Changes 


Quantifier* thould calculate the soil carbon present at 
each sampling site at the start of a project- If carbon in 
roots is also of interest, quantifier* should use the same 
protocol to calculate that slock. For each site, inputs to 
the calculation of carbon stock per unit of area include 

- The bulk density of the line soil sampled. 

-Hie volume of fine soil sampled. 

- '(he proportion of fine soil that is carbon, by 
weight 

-ihe cross-sectional area sampled. 

ihe dry mail of fine material and bulk density 
arc measured during sample processing. The cross- 
sectional area sampled at each site is calculated by mul- 
tiplying the cross-sectional area of a single core by the 
number of cores collected at each site 

SampItArea - NumbCom x (n x (CoreKadiut 3 )) 

Equation *16,1 

where SampleArta Is the total area sampled at that site 
In square centimeters. SumbCons is Ihe number of 
cores sampled at each site, and CoreRaJius is the rad ins 
of each core in centimeter* 

For example, if 16 cores are sampled at each site, 
with each core having a radius of 3 centimeters, the 
area sampled is 

SampleArta - 16 x (it x (J 1 )) - 16 x 28.2744 - 

452.390 cm 3 


The proportion of fine soil that is carbon Is mea- 
sured by analysis of dry combustion. The fine soil vol- 
ume. bulk density, proportion of the mass that is car- 
bon. and sample mass are converted to tons of carbon 
per hectare 1 : 

\lgClha x density x PropornonC x 100 

SampleArta 

Equation A16.3 


where MgC/ha is megagrams (millions of grams, or 
metric tom) of carbon per hectare; lineSctlVolume la 
the total volume of fine soil sampled at that site in cu- 
bic centimeters; Penuly u the bulk density of the fine 
toil in grams per cubic centimeter; ProportbrrC Is the 
proportion of the fine soil that is carbon, by weight 
(not percentage) at determined by dry combustion and 
number of cores sampled at each site, and SampleArta 
it the total area sampled at that site In square centime- 
ters. The factor 100 converls grams per square centime- 
ter to megagrams per hectare. 

Continuing the example, suppose that sampling oc- 
curs to a depth of 20 centimeters and the soil contains 
no rock* or roots Fine soil volume is 9.047.8 grams, 
the bulk density ts 1J grams per cubic centimeter, the 
proportion carbon Is 0,01 (which is I percent carbon, 
or about 1.72 percent organic matter), and the sample 
area Is 452J9 square centimeters The carbon stock 


would be 


Ms c f ha . xft01 x 1Q 9 s2 6 
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This is the amount of carbon per hectare to the 
depth sampled. Sampling to a different depth would 
yield a different reading of soil carbon- If the analysis is 
in units other than grams and centimeters, quantifiers 
will need different conversion factors. 

Calculating Soil Density 

Quantifiers cakulatc bulk soil density for each site in 
grams per cubic centimeter. Bulk density is used to 
check for changes in soil carbon density over lime, and 
it can be used to calculate carbon stocks on a per unit 
of area basis directly. To reduce the number of cal- 
culations and the chance of error, the approach here 
uses the inputs to the bulk density calculation (the dry* 
wdght and volume of soil samples) to calculate carbon 
stocks on a per-unit-of-area basis. 

The bulk soil density for each sampling site is the 
rock-free density of fine soil that passes through a sics* 
with 2 millimeter openings without grinding. 3 The dry 
mass of soil from each site is divided by the volume 
sampled at that site. The volume is the sum of the vol- 
umes of all cores combined at that site. Ihe equation 
for calculating the volume is 

Volume » NumbCom x {CorrUnfth x(*x (ConrKad«o : ))) 

Equation A16.S 

where Volume ts the total volume of the cores sam- 
pled at that site in cubic centimeters, SumbOtm ts the 
number of cores sampled at each site. CortLength is the 
length of each core in centimeters, and CorrAidius is 
the radius of each core in centimeters. 

This equation assumes that all cores are taken to the 
same depth. If that is not the case, quantifiers must cal 
culate the average core length. Finding the bulk density 
of fine soil requires accounting for the volume of rock 
fragments and woody material in the samples. Quanti 
he iv must subtract the volume of rock fragments (frag 
ments not ground and added to the fine soil) and wood 
from the total sample volume to find the volume of fine 
soil. 

The dry masses of rocks and woody material arc 
found using laboratory analysis. The masses can be 
converted to volume using default densities or densi- 


When Soil Density Changes 


ties measured in the samples. The default density for 
rock fragments is 2.65 grams per cubic centimeter, and 
the default density for woody material is 0 l 5 grams per 
cubic centimeter. Volume Is calculated as 


Mass 

Volume = - Equation A16 6- 

Density 

Volume is calculated separately for rocks and woody 
material. The volume of fine soil is 


VoiumeFineSci! = TotalSampttVclume- 
(RockVolumt ♦ WoodVolumt) Equation A1$,r 

To find the bulk density, divide the dry weight of fine 
soil (in grams) by the volume: 


BulkDensUy 


DnrWeight 

VotumeFmeSotl 


Equation A16.& 


Correcting for Change in Bulk Soil Density 

To calculate changes in fine soil density, quantifiers 
should use samples collected for measuring soil car- 
bon. nut the deeper increments available for correcting 
for changes in soil density: 

A FineSoilDensity » FineSciIDtn*ity : - 

FintSoUDenslt >*, Equation A1 6 * 

where A is the change, subscript 2 refers to the later re- 
measurement, and subscript 1 refers to the initial mea- 
surement. Ihe change will be positive if the density la 
rising, and negative if density is falling 

To calculate the change in the moss of fine soil from 
one sampling to the next, quantifiers should use data 
from the same cores: 

A FtneSoilMaa * AFineSoilDeniity * Volume, 

Equation A16 ID 

If the change in fine soil mass is more than 1 to 2 per- 
cent of the total mass, quantifiers should account for 
it This requires using the proportion of carbon, by 
weight, from the deeper samples: 

_ AFiiwSotlMau x ProporlvnC x too 

PenatyCorrrcttOH — r 

Sample Art* 

Equation At 6. 11 
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Appendix 16 

where ProportionC Is the proportion of carbon mea 
sured m the extra depth increment of soil collected for 
correcting for change in bulk density. 

The density correction is in metric tons of carbon 
per hectare, the change in fine soil mats kt in grams, 
and the area sampled is in square centimeters. The pro 
portion of carbon is unitless. The factor 100 converts 
from grams pet square centimeter to tons pet hectare. 


The change in carbon stock at each sampling site is cal- 
culated as 

ACarbcn^ = Mgt'Jha, - MgC/ha^ - DcnutyCprrntio n 
Equation A16.12 

All the elements of this equation are in units of metric 
tons of carbon per hectare. 
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Appendix 17 

Determining Mass-Specific Ratios 


the mass-specific ratio is the average ratio of the dry- 
weight of manure samples to their wet weight or vol- 
ume. the process of determining that ratio involves 
collecting samples, measuring their weight or volume, 
drying them, and measuring the dry weight of each 
sample, Quantifiers calculate the ratio for each sample 
and then the average ratio and its uncertainty (see Ap- 
pendix 3 on statistics). Samples can be dried in an oven 
at a temperature between 60“C and 105*C. or sealer can 
be removed from liquid samples by boiling or micro- 
waving. Keating results in the loss of some volatile sol- 
ids. but the loss should be modest. Samples should be 
processed within several hours of collection to avoid 
loss of organic material through decomposition. If 
samples cannot be processed immediately, they can be 
frozen or sterilised foe storage. After drying, tmmedi 
ately measure and record the dry Wight. 1 

Determining Ratios by Weight 

Wet-weight samples should be collected at several dif- 
ferent times, spanning the range of manure types that 
will occur in the protect Enough samples should be 
collected to ensure that the average ratio calculated 
from the samples is accurate. The average specific ratio 
should have no more than a to percent uncertainty at 
a 95 percent confidence level (see Appendix 3). Collect 
about 15 samples and determine if they provide ade- 
quate accuracy. If they do not. collect and analyze more 
samples, pool the new data with the earlier data, and 
recalculate the confidence interval. 


Analyzing samples Is simple for systems that han- 
dle manure in solid foem. Weigh the empty sample 
containers, add wet manure to each container, record 
the wet weight of each sample with the container, and 
then dry the samples and weigh again. For solid, rela- 
tively dry manure, samples of about l kilogram are easy 
to handle and large enough to aserage out some of the 
variability in the manure, they also are large enough 
to allow the use of inexpensive balances to obtain accu- 
rate weights. As a general tule. the measurements used 
to calculate project-specific ratio* should be made to at 
least three significant digits. 

To find the average dry-lo-welwtghl ratio, first 
find the ratio for each sample: 



where is the ratio for sample number n, dry, is the 
dry weight of sample it. and wet, is the wet weight of 
the sample n. The two weight terms, wet, and dry,, 
must be in the same units, such as grams. 

Then add the ratios and divide by the number of 
samples: 



Equation 37.2 


where H tml , is the average ratio of dry wight to wet 
weight, and >V Is the number of samples. 
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Appendix 17 


Determining Ratios by Volume 

For liquid manure, the method presented here assumes 
that the manure flow is measured by volume rather 
than weight. The goal is to get a density of the dry 
weight per unit of volume. A sample sue as Urge as 1 li- 
ter may be necessary to capture a representative mix of 
solids and liquid Be sure to take samples that are rep- 
resentative of the manure stream. For example, if solids 
are washed into a digestion tank, capturing samples as 
the slurry enters the tank will he more representative 
than taking samples from the surface of the tank after 
tile solids have begun settling out of the liquid. Try to 
collect samples that match the distribution of manure 
conditions. If about 10 percent of the manure is much 
wetter than the other 90 percent, collect 10 percent of 
the samples in the wet manure. Carefully measure and 
record the volume of each sample, and then dry' the 
samples and measure the mass or weight of the dried 
samples. 

Ihe volume of liquid samples is easily measured su- 
ing a large graduated cylinder. The volume of solid ma- 
nure is somewhat more difficult to measure because of 
the Irregular shapes of pieces of solid manure. If the 
ratio of dry weight to volume of manure is needed, it 
may be easiest tu measure the volume and wet weight 
of a large volume of solid manure, such as a container 
of several dorm to a few hundred liters. This relatively 
Urge amount of manure can be shoveled into a con- 
tainer whose volume can be measured fairly accurately. 
Then the manure can be subsampled. and Ihe volume 
of the subsample can be inferred from its weight. The 
suhsample can then dried and weighed to find Ihe ratio 
of dry weight to solume. 

For example, suppose that a solume of 100 liters of 
manure is sampled, and that this mass weighs 50 kilo- 
grams. If a representative subsample of 03 kilograms U 


taken from the sample, this subsamplc can be assumed 
to have the same density as the sample as a whole and 
thus can be assumed to be I liter tn volume. The sub- 
sample Is then dried, and the ratio of dry mass to vol- 
ume is found for the subsamplc. 

The average ratio is found by calculating the ratio 
for each sample, adding all the ratios, and dividing by 
the number of samples. So. first cilcuUte the ratio foe 
each sample: 

equation 17.3 

where R n ts the ratio for sample number 11 , DrylVt^ is 
the dry weight of sample n in grams, and Wr/Vbf, Is the 
wet volume of the sample n in cubic centimeters. Them 
add the ratios and divide by the number of samples: 


tt 

I*. 



where Is the average ratio of dry weight to wet 

volume, tn grams per cubic centimeter, and N Is the 
number of samples. This method gives each sample 
equal influence on the calculation of the average, even 
if the samples have different weights. 

Finally, the uncertainty in the average ratio is cal- 
culated following the methods described in Appendix. 
1 We recommend that the estimate of the ratio have a 
statistical precision such that the 95 percent statistical 
confidence interval is no more than slO percent of the 
mean value of the ratio. 

If manure-handling practices change, it may be- 
necesaary to develop a new dry-to-wet-weight ratio. 
For example, changing the equipment used to flush an- 
imal pens may change the ratio of water diluting the 
manure. 
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Appendix 18 

Calculating Methane and 
Nitrous Oxide Emissions 


Methane 


Nitrous Oxide 


Quantifiers can estimate methane emissions as fol- 


low's: 

M/rhaiie^y 


- I (mm, 


xP ot ,x7T» - )J«;it:T 

equation A1S.1 


Quantifiers can ute the following; equations to estimate 
the CO, equivalent of nitrous oxide emissions from 
the dry weight of manure, the expected rate of N,0 
emissions by manure management system, and global 
warming potential: 


where Melhant mil is the COj warming equivalent 
of the direct methane emissions of the protect for the 
period. it the dry-weight manure mass of 

each type of manure input Into each manure treatment 
system, P lffl is potential mass of CH. that could be 
generated from manure of each type. Tf tM is the pro- 
portion of potential CH 4 emissions that results from 
each treatment, and GWP is the global warming po 
tential of methane 1 

If proirct emissions are not measured, quantifiers 
can estimate project emissions for selected types of 
manure management systems uung values of P^ in 
Table A, 16 and values for TF lrw for selected manure 
treatment systems from Table A.17. 

For example, consider a project where 40 percent of 
the manure it spread dally and the remaining 60 per- 
cent is placed in an open anaerobic lagoon. Assume that 
the project produces 1,000 metric tons of manure over 
an accounting period. Using the appropriate numbers 
in Equation A18.1 yields a methane emission over the 
accounting period of 2.033 metric tons of carbon diox- 
ide equivalent (see Table A.I*). 


MS^ - x Equation A1S .2 

where AfAL_ is the total mass in metric tons of nltro- 
oyr 

gen in each type of manure input into each manure 
treatment system, MAi,^, Is the total dry weight moss 
in met nc tons of manure of a type, and N mlw is the pro- 
portion of nitrogen In manure of type MM. 

The mass of nitrous oxide emitted in carbon dioxide 
equivalent can be calculated as 

SltrvtaOxuk,^ - 1 £ (MA’^xTT^iJkCWP 
Equation A1S.S- 

where KitroufOxitU^j b metric ton* of CO, warm- 
ing equivalent of the direct N 2 0 emissions of the proj- 
ect for the period. AfN’,^ is *1* total number of metric 
tons of nitrogen in each type of manure input into each 
manure treatment system. TF,^ is the expected mas* 
of NjO emissions as a proportion of nitrogen input foe 
each treatment, and GWP is the global warming po- 
tential of NjO. : TFj^can be measured or taken from 
published values such as those in Table A.17. 
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T»We A.16 Maximum Porcmul McOunc Production from Manure. A miming Average Feed 



Country or development 

(Mg CH 4 per Mg manure, dry weight) 

Type 

statu* 

IPCC 

EPA 

Dairy cattle 

Developed 

0.160ft 

015888 

Dairy cattle 

Developing 

00871 

zzz^z; 

Nondairy cattle 

Developed 

0.1139 


Nondairy cattle 

Developing 

Oj067 


Swine 

Developed 

0.3015 

0.31776 

Swine 

- 

Developing 

0.1943 


Buffalo 

All 

0067 


Sheep 

Developed 

01273 


Sheep 

Developing 

0,0ft71 


Goal* 

Developed 

auj» 


Goal* 

Developing 

0 0871 


Camel* I Developed 

0.1742 



CamH* 

Developing 

01407 


Home* 

Developed 

02211 


Mattes 

Developing 

0.1742 


Mule/tuei 

Developed 

0.2211 1 

Mule/auei 

Developing 

0.1742 


Poultry 

Developed 

02144 


Pouhry 

Developing 

0160ft 


Cattle, feed lot 

USA 


0.21846 

Turkey*, broiler* 

USA 


0.23832 1 

Other poultry 

USA 


025818 


S<Hr. Mg - megagramt. or metric toeu. 

Sourer Calculated from tPCC (2000). EPA (2000. and EPA (2004) 
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Calculating Emissions from Manure 


Table A.17 Tf tmtr Proportion of Potential CH« Emissions for Various Ty pes erf Manure Treatments 


System 

TT^., 

i 

Notea 

Cool conditions 

Temperate 

conditions 

Warm conditions 

Pasture 

0.01 

0015 

002 

1 

Daily spread 

0.001 

0005 

001 


Derp litter 

0 

0 

0l3 

Cattle 0 swine; 
storage < 1 month 

Deep litter 

0J9 

0.45 

072 

Storage > 1 month 

Poultry 

0.015 

0015 

0015 


Solid storage 

001 

0015 

002 


Dry lot 

0.0! 

0015 

005 


Pit 

0 

0 

03 

Storage < 1 month 

Pit 

0J9 

0.45 

072 

Storage > 1 month 

liquid slurry 

039 

045 

072 


Anaerobic lagoon 

0-1 

0-1 

0-1 

Depends on rate 
of CH 4 capture & 
destruction 

Anaerobic digester 

0-1 

O-l 

0-1 

Depends on rate 
of CH 4 capture 0 
destruction 

Composting— extensive 

0.005 

OjOI 

0015 


Composting — intensive 

0.005 

0005 

0005 


Acrobat 

0001 

0001 

0001 





Solrs Sec Chapter 8 for information on management systems A cool temperature is an average annual trmperature less than 
!5*C; warm is an average annual temperature greater than 2TC; and temperate is an average annual temperature between 
warm and cool. 

Source: IPCC (2000). 

Table ATS Calculating Emissions When the Manure Stream Is Divided between Two Treatment 
Practices, for a Total Waste Production of 1.000 Tons during the Accounting Period 


• 

Treatment 

Percentage of 
waste in treatment 

Manure dry 
mass. Mg 

%*• 

Mg CM/ Mg dry 
manure 


GWP, 

ch 4 

Emission. 

MgCOje 

Daily spread 

40% 

400 

0160ft 

0005 

21 

7 

ligoon 

60* 

600 

0160ft 

10 

21 

2026 

Tout 

100% 

1000 


_ z 


2013 


Sotr Mg ■ megagrams. or metric tons. 
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Appendix >9 

The Dynamics of Methane 
and Nitrous Oxide Emissions 
from Soil 


In soil, chemical transformations of nitrogen (called 
nitrification and denitrification) can produce meth 
ane. The production of methane (called met ha nogen 
esis). nitrification, and denitrification occur through 
electron exchange between two substrates, one an elec- 
tron donor and the other an electron acceptor. The 
so-called soil redox potential, a measure of the soil's 
ability to oxidize a compound, is the most important 
factor in determining which compound will serve as 
an electron donor and which will be an electron accep- 
tor The soil redox potential is denoted with the symbol 
Eh. The strength of the redox potential is measured in 
millivolts. denoted mV. Soils with lots of oxygen have 
a high Eh and will tend to oxidize, or take electrons 
from, compounds in the soil. Soils that are poor in oxy- 
gen (such as those saturated with water) have a low Eh 
and will tend to reduce, or donate electrons to. com- 
pounds in the soil. 

Most sod microbes obtain energy by breaking down 
organic carbon bonds. These processes require the 
carbon to donate electrons to an acceptor. If a soil is 
aerated with high Eh (about 600 mV), oxygen (OJ is 
always the dominant electron acceptor. By accomplish- 
ing the electron exchange, the microbes gain energy 
and. at the same time, convert carbon (C) and 0 } into 
CO : If soil pores arc saturated with water from rainfall 
or irrigation, water can block the diffusion of O, into 
the soil. With biological consumption of 0 2 in the sod. 
the 0 2 concentration will rapidly fall and drive sod Eh 
downward toward 200 mV or less. Under these O, defi- 


cient conditions, the soil microbes will have to look fn« 
a new electron acceptor to survive. In most soils. NO*" 
ts the second candidate electron acceptor. 

A special group of microbes, denitrifier*. have the 
capacity to use NO, as an electron acceptor, pro- 
vided the soil's Eh is sufficiently low. When the deni- 
trifiers obtain energy, they donate electrons from C tc 
NO,'. This process converts NO,“ to NOj~. During 
the sequential processes of denitrification, the oxida- 
tion states of N will reduce from +5 in NO,’ to +3 in 
NO,'. to ♦ 2 in NO. to ♦! in NjO. and finally to 0 in Nj 
as the N receives electrons. Thus the uhlmatc product 
of denitrification is N,. which Is not a greenhouse gas. 
However. N,0. which is a potent GIK», is an interme- 
diate product. Some N,0 often escapes into the atmo- 
sphere during the denitrification process, before it can 
be converted to H r This is the reason that adding ni- 
trogen fertilizer to soils leads to N ? 0 emissions, And 
this is also the reason why land-management practices 
that seek to keep soil Eh high can hdp minimize these 
emissions (see Table 9.4). 

If a soil ts Hooded for a relatively long time, such as 
several days or weeks, most of its oxidants (O r nitrate, 
manganese or Mn 4 \ iron or Fc 3 *. and sulfate) will be 
depleted, and the soil Eh will drop to as low as -ISO 
mV. Under these deeply anaerobic conditions, met ha - 
nogens use H, as electron acceptors to produce CH«. 
When a wetland soil is drained, the sequence above 
will reverse, and the dominant process will shift from 
methanogenesis to denitrification, then further to ni- 
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dominant oudant Eh (millivo*t5| reactions 


08 

o«y 9 *nt 0 j) J 

500 

nitrate (NOjT 
nitrite (NOjT 
r*r*c OKkV (NO) 
nrtrous erode (N^O) 

sulfate (S0a2 ) i 

ISO 

hydrogen (H j) 

JSO 


02*C-C0a 

NOi* -r -t-*NK«‘ 

f f 

NO N.O 

✓ ^ 

NOj -^NOj -•’NO -+H2O-+H} 


SO 42 ♦ 10H* ♦ Be 

• HjS«4HjO 

COj. 

CM, 


a 

Mj.C 

— CM. 




figure A 13 Trace ga* 
nrnukxu from soil as a 
function of soil th (Li et at 
200a ). 


tri fixation and CO, production. Figure A. 13 shows how 
CO,, N .O and CH 4 are produced, driven by soil F.h and 
substrate concentrations. 

TWo bask laws of physics and biology can be used to 
quantify soil redox potential and the resulting micro- 
bial activities. The Nernst equation (Equation AI9.I) ts 
a classical thermodynamic formula that quant ifscs soil 
Eh based on concentrations of the oxidants and re- 
ductants in the soil liquid phase (Stumm and Morgan 

m\y 


f.h = £,+ 


RT ^ ^ |oxiiianf| 
rtf ( retiuthvtt | 


Equation A19 1 


where Eh is the redox potential of the soil reduction- 
oxidation system (V), Eg is the standard electromotive 
force (V), R is the gas constant (8.314 J/rool/k). T is the 
absolute temperature (273 + f, where t is the tempera- 
ture in *Q n U the transferred electron number. F is 
the Faraday constant (96.485 C/mol), [oxidant] is the 
concentration (moi'l) of the dominant oxidant in the 
system, and (leiiuilijnll U the concentration (mol /I) of 
the dominant reductant in (he system. 

Soil microbial activity can be defined by the Mi- 
chaelis Menten equation (Equation A19.2L This equa- 
tion is a widely applied formula describing the kinet 


ics of microbial growth with dual nutrients (Paul and 
Clark 1989): 




DOC loxhlMfl 

-ax x— 5 — 

b+DOC c + |audiMf] 


Equation A19.2 


where F fiUlZlllf! is the fraction of the oxidant reduced 
during a time step; DOC U the available C concentra- 
tion; (oxidiinf) is the concentration (mol/i) of the domi- 
nant oxidant or electron acceptor in the system, and «». 
b. and c are coefficients. 

The Nernst equation quantifies soil Eh based ora 
concentrations of dominant oxidants and reducUnt« 
existing simultaneously in a soil liquid system, and 
the Michael is -Menten equation tracks the consuming! 
rales of substrates driven by the soil microbial activ- 
ity. Because the two equations share a common term, 
oxidant concentration, they can be merged to simulate 
the soil hiogeochemkal processes driven by the micro- 
buslogicallv mediated redox reactions. Given the con- 
centrations ot dissolved organic carbon, oxidants, and 
reductants, the linked Nernst and Micbaelis Menten 
equations can be solved to determine the soil th sta- 
tus. microbial growth rates, and consumptions ot the 
ox ulants and available carbon through which nitrous 
oxide or methane ts produced (Li et al. 2004). 
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Appendix 20 

Market Leakage and 
Activity Shifting 


Some analysts distinguish between two different type* 
of displacement, market leakage and activity shitting. 
(See, for example, the World Resources Institute GHG 
project accounting protocol 2003.) 

Market leakage occurs when a project reduces the 
production ol some good supplied to a market, with- 
out a corresponding reduction in the demand for that 
good Demand is displaced from the project to other 
suppliers. Chapter 10 describes methods for quantify- 
ing leakage resulting from this type of displacement. 

AclMty shifting is the displacement of activities to 
other locations when project lands are no longer avail- 
able for use. Activity shifting is relevant when there is a 
significant subsistence use ul lands. For example, local 
people might extract fuel wood from a forest for do 
mestic use It a project presents them from continuing 
to use the forest as a source of fuel wood, they will ob- 
tain it elsewhere. 

This book considers such activity shifting a non- 
cash displacement of production and thus a market 
displacement, That ts because, even if local people were 
not paying cash for the fuel wood, the forest was none 
thdew producing it and they were consuming it When 
the project prevents use of the forest for fuel wood with- 


out providing an alternative domestic energy source 
with lower GHG emissions, the demand for domestic 
energy is displaced to other forests. This constitutes 
leakage that should, at least in principal, be captured 
by the mclhodi in Chapter 10. However, when dis- 
placement involves non-cash activities, analysts must 
use alternative approaches to estimate the relationship! 
between supply and demand. As a rule of thumb, sub- 
sistence demands are usually relatively inelastic. 

It activity shifting arises from a shift of labor and 
the vhiit occurs in a market economy, the methods in 
Chapter 10 account for this effect For example, con- 
sider a situation where a logger is laid off because m 
project stops a logging enterprise that otherwise would 
have provided employment. If that logger finds another 
logging job with a different company, presumably lhaa 
company is either expanding its logging or replac- 
ing another logger who stopped working. If the com- 
pany is expanding its logging, the method* in Chapter 
10 should account for that. If, on the other hand, the 
laid - off logger replaces another worker who has left the 
wx»rkforce. the job shift is not increasing logging and 
there is no leakage. 
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TmntrUl GHG miligatinn project, tcldum change Jc 
mind (or a product. Instead, such protects usually ei 
ther Increase or decrease product use. 

Consider the case of increased product use. Because 
emissions generally result from the production or use 
of goods or services, production increases generally 
cause emission increases, not reductions. Obviously, 
activities that increase net emissions cannot he used to 
create offsets. 

Some sequestration protects may cause future in- 
creases in product use. For example, protects that plant 
trees could increase the timber supply when the trees 
are available for cutting. In theory, this extra supply 
could reduce the price of wood, thus causing an in- 
crease in logging and negating some or all the seques- 
tration achieved by the project. It is uncertain whether 
these effects in the dlttant future will ever occur. Tech- 
nologies change over time, iocluding those for making 
products now made of wood Changes In tastes, wealth, 
or land-use rules could increase or decrease the use of 
wood. Because of uncertainty about future demand for 
wood, the methods presented here do not attempt to 
estimate these potential effects. 

Consider another variation on increasing the use of 
a product: substituting a tower-emission product for a 
higher-emission product. For example, suppose that a 
project promotes the use of joists made of engineered 
wood in buildings, replacing the use of solid-wood 
joists, [he engineered joists use less wood, allowing 


Appendix 21 

Land-Management Projects 
and Changes in Demand 


construction of the umr number of squire feet of neve 
buildings with a smaller harvest of wood. The switch tti 
joist technologies could decrease both the harvest and. 
emissions from the harvest Ihc question Is whether 
this decrease in emissions counts as offsets. 

For the decrease in emissions to count, it must be di- 
rect to the project. If the maker of the engineered )oists 
merely buys materials on the commodity wood mar 
kct. the resulting harvest reduction will be indirect to 
the project, and joist makers and house builders can- 
not claim the emissions benefits as offsets. However, il 
a joist maker strikes a deal with a forest landowner to 
preserve harvestabk timber equal to the wood not used, 
that timber can count as offsets, and the joist maker 
and the landowner owner can split any revenues. 

Now consider the case when a project decreases 
demand tor a product, such as by persuading people 
building new houses to create smaller rooms, thus pro- 
viding new bousing for the same number of people us- 
ing less wood. This reduction in wood use reduces tim- 
ber harvest and avoids some emissions of forest carbon. 
But as with the example of wood-use efficiency, the 
emission reduction is indirect to the people building; 
houses. The decreased use of wood produces an emis- 
sions benefit, but the project docs not own it and thus: 
cannot claim it as offsets. To make the emissions bene- 
fits direct to the project, house builders would have u> 
sign an agreement with a forest landowner to preserve 
some harvestablc timber. 
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Addressing Leakage from 
Forestation Projects 


Moat forestation project* that aim to sequester carbon 
exert a small impact on timber market*. Such marked 
can easily adapt to small charges in supply, so most for 
citation projects have high rates of leakage. For exam* 
pie. consider a moderately large project that removes 
1,000 acres of 50 -year -old coastal Douglas fir from the 
timber market. If harvested, this forest would have 
yielded about 10 million cubic feet of timber. 

In 2002, the U.S. harvest of hardwood and softwood 
combined totaled more than -167 million cub sc meters. 
(Howard 2004) To replace the lost 10 million cubic feet 
of timber, each U.S. supplier would have to begin pro 
duction just 6.6 minutes earlier each year. In reality. 
a few suppliers would probably move up harvests by 
days or weeks to make up the difference The point is 
that even a project of significant size is small relative 
to market Dow and does not cause a significant disrup 
lion. This analysis shows how easily other suppliers can 
compensate for the withdrawal of one supplier from 
the market. 

However, developers of forest projects can avoid 
leakage by maintaining the supply of final products. 
For example, a project developer could establish an 
intensively managed timber plantation to replace the 
supply lost from conserving existing forest. As Long as 
carbon stock is not declining on the parcels where har- 
vesting continues, no leakage would occur. 

Project developers can also avoid leakage if the land 
use they displace is declining overall. For example, if a 
project reforests land previously used as pasture, and 


total pasture use is declining more quickly than off- 
set projects arc reforesting land, the project would 
not displace demand for pasture. (However, the base- 
line may have to take such changes into account— sec 
Chapter 5.) 

Leakage can nse or fall during forest- preset vat tom 
projects. Consider a project that preserves a parcel of 
forest and records 100 percent leakage in the early years. 
If developers eventually convert all nonpreserved for- 
esl lands into buildings, roads, and parking lots, the re- 
maining forest would avoid leakage. Because all non- 
preserved forest is destroyed, and the only remaining; 
forest is preserved as part of a sequestration project,, 
the preserved forest actually does reduce emissions. 
However, only after most forestland has been developed 
does any reversal of leakage occur. If analysts develop- 
methods for quantifying this reversal, project develop 
crx could count more sequestered carbon as offsets. 

Forrstation projects can produce leakage even ifl 
they i nertas* the timber supply That is because, besides 
displacing prior uses such as agriculture, such projects 
may spur other land managers to avokl some timber 
production because those managers expect timber from 
the projects to enter the market However, studies have 
shown that this type of leakage is small. The approach 
to calculating displacement from expanded forestattoni 
is the same as that for other displacement, but with 
some added twists If the project involves legal restric- 
tions that prevent harvesting, it could displace tree 
planting for conservation. 
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If * project preserve* young forests, no leakage 
would occur until those forests reached typical har- 
vest age. However, the long delay between planting 
and harvest may make calculating displacement based 
on tlse price elasticities of supply and demand imprac- 
tical. For example, projects that entail planting trees 
could increase the timber supply when the trees are 
available for cutting. The expanding supply could re 


Addressing Leakage from Fores taboo Projects 

duce the price of wood, prompting other landowners 
to raise production, negating some or all of the seques- 
tration achieved by the project. However, changes in 
the techniques for making wood products, consumer 
tastes, wealth, and land-use rules could increase oe 
decrease the use of wood. Because future demand foe 
wood is uncertain, project analysis should not try tc 
estimate future impacts. 
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Using Regression Analysis 
to Calculate Elasticity 


Analysts should use regression to calculate elasticity 
only if I hey correct foe several factors. For example, 
they can arlfust for inflation by including the consumer 
price Index as an independent variable in the regres- 
sion. Using a log linear equation form often adjusts foe 
nonlinear information. Serial correlation should be 
tested and corrected if present. One method for cor- 
recting for serial correlation is the Cochranc-Orcutt 
procedure. Analysts should impose a restriction that 
the function is homogeneous uf degree zero in prices 
and nominal income lAitlicld 1985) If analysts cannot 
meet the conditions for regression, they can use slmul 
laneous equations to calculate elasticities. 

For example. Kim (2004) finds the demand elastic- 
ity for a project that reduces rice acreage by regress- 
ing total U.S. rice consumption (Q ( ) on rice price (P ( ). 
Ihc consumer price index (CPI), and total nee expendi- 
tures (EXP1 using a log-linear functional form He also 


uses a Cochranc-Orcutt procedure to correct for serial 
correlation and imposes a restriction that the function 
is homogeneous of degree aero in prices and nominal 
income. Hie results are 

tar 0, • 09064-0.9119 fji P,-0.|672 In CM* 

1 0*11 Ln EXP 

(4.210) (-11*10) (-4.788) (20.558) 

R Square » 0.924 DW • 2.00 

Equation A21 1 

where Ln is the symbol foe the natural logarithm, 
the numbers in parentheses are f statistics, K-Square 
Is a goodness-of-fit Indicator, and DU’ is ibe Durbin 
Watson statistic, which tests for the peesence of serial 
correlation. 

Using this equation. Kim finds that the demand 
elasticity fE) is -0.9119. 
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Guidelines for Auditing 
Greenhouse Gases 


The EPA* Emission Inventory Improvement Program 
(EIIP) list* five types of audits designed to address the 
quality of data companies report (sec Table A.19). The 
EI1P includes specific instructions as well as general 
principles for conducting these audits, even provid- 
ing sample checklists and auditors* reports. Although 
some of the more detailed suggestions do not apply to 
GHG inventories, the examples make excellent starting 
points lor developing a GHG registry and accounting 
and verification protocols. 


The U.S. Environmental Protection Agency s Green 
house Gas Inventory Quality Assurance/Quality Con 
trol and Uncertainty Management Plan applies many 
of the principles outlined by the EllP to GHG invento- 
ries. and it can also be an excellent foundation for de- 
fining verification tasks. Other guidelines for auditing 
emissions Inventories range from broad principles (the 
Global Reporting Initiative's Sustainability Reporting 
Guidelines) to step-by-step checklists (the California 
Climate Action Registry) (sec Table A. 20) 


Table A, 19 Audit Type*, at Classified by the EllP 


Audit type ^ Objective 

Management systems 

IVtcrminc I he appropriateness of the management and supervision of inveutory- 
druelopment activities and training ot inventory developers 

Technical system* 

Determine the technical soundness, effectiveness, and efficiency of the procedures used to 
gather data ami calculate emotion result*. 

Performance evaluation 

Determine whet her (he equipment used u> collect quantification data operate* within 
acceptable limns 

Data/rcpoel 

Determine whether the rr*uh« reported accurately rtlect the emission result* calculated 
and recorded in the supportive data 

Data quality 

Determine the accuracy and completeness of the data used to develop the emission results. 
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Table A.20 Guidance on Verifying Emissions Inventories 



GHG 

spctlhc* 

Assumed inventory 

pUt[<OK 

Notes 

California Climate Action 
Registry 

Y 

Rasdtne protection 

Step by-step. publicly posted protocol. 

This volume 

Y 

Create tradable offsets 

Specific in offsets generated from terrestrial 

GHG sinks. 

US. EPA Emission Inventory 
Improvement Program 

N 

Regulatory compliance 

Thorough treatment of audit principles, 
including the Data Attribute Rating System for 
evaluating data quality. 

UA. Green Souse Gas Inventory 
Quality Atsur ancr/Qualiry 
Control and Uncertainty 
Management Plan 

Y 

Multiple 

Most thorough treatment of quality-assurance/ 
quality control principles applied to GHG 
Inventories 

World Business Council for 
Sustainable Development and 
World Resources Institute 

1 WIlCSOi'WRI CiMG) Protocol 

V 

Corporate 

accountability 

General principles only, no procedures 

GRI Sustainability Reporting 
Guidelines 

N 

Corporate 

accountability 

General principles only, no procedures 
Appropriate for corporate self-audits only. 

I niernatxiruJ Standards 
Organisation 14001 

N 

Corporate 
accountability; 
regulatory compliance 

Governs auditing of corporate environmental- 
management systems only. 

KyoiiVCDM 

Y 

Regulatory compliance 

Marrakech Accords provide general guidelines 
for auditing offset projects COM Executive 

Board may release specific guidelines in the 
future. One of the few sources off guidance on 
validating offsets. 

Kyoto . 1 Inventory review 


Regulatory compliance 

General guidelines for auditing national GHG 
tnvmtonc* from thr eighth Conference of the 
Parties. Some principles also apply to offset 
projects 

Fnviron mental Resources Trust 
Corporate Greenhouse Gaa 

Y 

Muhirtc 

Designed for corporal too -wide audits 

Verification Guideline 
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Verifying and Registering Offsets 
under the Kyoto Protocol 


'the Kyoto Protocol'! Clean Development Mechanism 
(CDM) is developing an extensive by-theproject sys- 
tem foe validating and verifying greenhouse offsets. 
The CDM offers countries committed to reducing their 
greenhouse gas emissions (those with emissions caps 
and listed in Annex B of the Kyoto Protocol) the op- 
portunity to sponsor GHG-reduction projects In devel- 
oping countries that do not have emissions caps. Rig- 
orous validation and verification of these projects is 
important because project developers must define their 
boundaries and calculate baselines, additionality, and 

leakage 

To be fully vetted In the Kyoto CDM system, projects 
must follow several steps (see Figure A.M). The system's 
rigor lies in the fact that each project passes through 
the hands of two third parties, known as Designated 
Operational Entities (DOFs) The first DOE validates 
the project. Besides certifying that the design is com- 
petent. validation ensures that Ihr CDM registry will 
accept verified and certified reductions reported later. 

The second DOF. performs verification and certifi- 
cation: "Verification is the periodic Independent review 
and ex poti determination by the designated opera- 
tional entity of the monitored reductions In anthropo- 
genic emissions by sources of greenhouse gases that 
have occurred as a result of a registered CDM project 
activity during the verification period. Certification is 
the written assurance by the designated operational en- 
tity that, during a specified lime period, a project activ- 
ity achieved the reductions In anthropogenic emissions 


by sources of greenhouse gates as verified" (United Na- 
tions 2002). 

The Kyoto Protocol’s Marrakesh Accords allow is 
project to request and receive approval to use the same 
DOE for validating and verifying offsets, but note that 
this should be the exception. The CDM Executive Board 
does not specify a schedule foe verification activities. It 
is the DOE's responsibility to perform verification ap- 
propriately so it supports certification for the crediting 
period defined in the project design. This period can be 
up to seven years long and renewed twice or 10 years 
long and nonrenewable. 

Parlies apply to the CDM Executive Board to be- 
come accredited DOEs. The boatd's Accreditation 
Panel appoints a team to review the application, con- 
duct an assessment of the entity applying to become a 
DOE. and witness an applicant perform its first vali- 
dation or verification. If the panel is satisfied with the 
resuhs. It recommends that the Executive Board accept 
the entity as a DOF. for the type of project for which the 
entity has demonstrated competence in validating or 
verifying. 

The Kyoto Protocol specifies a second mechanism 
besides the CDM. known as Joint implementation (It), 
for creating GHG offset projects within countries that 
have agreed to cap their emissions under the proto 
col. Unlike the CDM registry, the protocol does not 
directly mandate a central |l registry, so independent: 
registries must set validation, verification, and accredi- 
tation standards foe |1 projects. The Dutch ERUPT sys- 



367 


Appendix 25 

lent is leading tin* way, with a validation vcnfnation 
setup similar (n (he CDM mechanism. 

Those wishing to become accredited third parlies 
(DOEs) under ERUPT apply to the Dutch Board for 
Accreditation. As under the CDM scheme, applicants 
are subjected to a desk review, site inspection, and wit- 
ness assessment. The Dutch board may streamline the 
process for certifying a DOE already approved by the 
CDM process. 


The Kyoto Registry System 

The Kioto system is remarkable for supporting multi- 
ple registries and a hybrid of dosed and open markets. 
Kyoto registries track four types of emissions allow- 
ance*. One type is permission to generate one metric 
ton of C0 2 c of anthropogenic GHGs at any time during 
the 2008-2012 compliance period. At the end of 2012. 
a true- up occurs, and the system retires allowances 


figure A.M the process M lowed by an offset 
in the Kyoto Clean Development Mechanism 
(CDM) process. The CDM otters countries 
committed to reducing their greenhouse 
gas emissions - those that have emissions 
caps and are listed in Anne* B of the Kyoto 
Protocol— the opportunity lo sponsor GHG 
r eduction protests in developing countries, 
which do not base emissions caps, and in so 
doing to gel credit for emissions reductions as 
if they occurred in their country. To be fully 
veiled in the Kyoto CDM system, projects 
must follow the steps illustrated here. 


OtiA Development Designated 

NMfenai 

( incut iw Board Author** 



fnt** 
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equal to each country's emissions during the compli- 
ance period. The protocol defines basic allowances as- 
signed by Article 3 (known as assigned amount units 
[AAL's]) as five times a designated fraction of each 
country s 1990 emissions. The combined AAUs form 
the 2008-2012 cap 

Removal units (RMUf) are additional allowances, 
each representing one metric ton of 0O 2 c of anthropo- 
genic GHG that Is offset by land management RM Us 
allow each country to inflate Us portion of the gross 
emissions cap, limited by that country’s capacity to 
absorb an equivalent amount of carbon in forests. Al- 
though RMUt are created by the Kyoto Protocol, they 
are not now traded. Instead, countries wtth emission 
caps trade sink amounts by turning them into national 
allowance units (AAUs) or emission reduction units 
(ERUs). 

II projects convert AAUs to ERUs. allowing emis- 
sion reductions to move from one country with an 
emissions cap to another. Because ERUs are converted 
AAUs. they do not affect the market cap. ERUs gist de- 
veloping countries confidence that the allowances they 
sell a re backed by a true reduction in national emissions. 

Certified emission reductions (CERs) are allowances 
generated outside the market cap by non Annex B 
countries and sold to Annex R countries inside the 
cap. CERs are an open- market commodity sold into 
a closed market, and they have the effect of increas- 
ing the total number of tradable units without raising 
global net emissions. Because RMUs and CERs can ex* 


Offsets under the Kyoto Protocol 

pand the closed-market cap defined by the quantity of 
AAUs, the Kyoto system is a hybrid of closed and open, 
markets. 

The system uses three types of registries to manage 
this complex arrangement: national registries. COM 
registries, and the transaction log of the U.N. Frame- 
work Convention on Climate Change (UNFCCC). 
Each Annex B country operates a national registry that 
tracks the emissions allowances assigned to. genet 
ated by. and purchased by that country. A single COM 
registry operated by the CDM Executive Board holds 
and trades CERs generated by non -Annex B coun- 
tries. which do not maintain their own registries. Each 
non-Anncx B country that sells CERs must write a let- 
ter of approval authorizing the transfer of these tons to 
other countries. The designated national authority that 
writes these letters does not have to track the amounts 
or ensure that they meet any quality standard. The 
UNFCCC secretariat maintains the transaction log— 
a registry of trades among national registries and be 
tween national registries and the CDM registry. The 
transaction log determines that 

The transferred units are not retired or canceled. 

-The units do not exist in more than one account. 

- The units were not improperly issued. 

-The requesting parties arc authorized to request 
the transfer. 

- The modified content of each account docs not 
violate the protocol. 
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Choosing a Registry 


Offsets gain marled value when they are vetted and 
made accessible through registration. But which regis- 
try provide! offsets with the most legitimacy and there- 
fore the highest value’ The answer depends on whether 
sellers are seeking financial rewards or recognition 
(See Figure A.15 for a general roadmap for choosing 
a registry, beginning with the fundamental s|ueit»n, 
"Do I want to sell?’) 

Regardless of the seller's purpose in registering off 
sets, selecting a registry before initiating a protect is es- 
sential. There are two reasons foe this. The first is that 
some registries have specific requirements for validat- 
ing projects during the design phase. The second Is that 
a registry that will accept the proposed offtds may not 
caisl, depending on the nature of the project and tta 
geographic location. 

Registration under the Kyoto System 

If a project developer wishes to create fungible (that is. 
fully tradable) offsets, then the registries supporting 
the Kyoto Protocol are the most thoroughly considered, 
otters used as a model by other registries In the mak- 
ing (see Appendix 25k If a protect t host country has 
ratified the Kyoto Protocol, registration under Kyoto Is 
the most desirable destination tor a land- management 
offset 

How a project fits into the Kyoto system depends 
entirety on its host country. Annex B countries have 
been assigned emissions caps under the protocol (see 


Table A.2I). If the project Is In a noo- Annex B coun- 
try. then It falls under the purview of the Clean De- 
velopment Mechanism (CDM). Many types of energy 
and industrial emissions -reduction projects qualify for 
CDM registration. However, among land-managemcni 
efforts, the system now recognlres only reforestation 
projects To register a project under the CDM. develop- 
ers must prepare a design document for the CDM Ex- 
ecutive Board before beginning the project 

If ihe project is in an Annex B country, then the 
country must be an "economy in transition." Such 
countries ore permitted to sell offsets from lolnt Im- 
plemenlation (11) protects to countries with slrongcr 
economies (see Appendix 25). 

Countries with cmnskwii caps may include seques- 
tration resulting from changes in agricultural soil, land 
uk. and forestry in their national inventories of emls 
skms. These sinks could create emission reduction 
units (FRl's), which could be traded under the J! pro- 
gram. No systems yet exist foe creating ERUs from 
changing land- management activities. Project devel- 
opers would be wise to open negotiations with their 
federal government early to help create a market for 
land-management offsets. 

Registering Offsets for Financial Cain 
outside the Kyoto System 

Several regions around Ihe world are establishing sys- 
tems for trading GHG allowances or credits outside 
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Figure A.15 Roadmap for choosing an olid registry. For an offset to have market value it 
mart be registered with an independent agency or registry Ihe type of registry to choose 
depends upon a variety of factors, including the nature and the goals of the propel. 
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Table A 21 Countries Thai Have Ratified the Kyoto 
Protocol 


Antigua and 

Georgia 

New Zealand 

Barbuda 

Germany 

Nicaragua 

Argentina 

Ghana 

Niue 

Armenia 

(tWVf 

Norway 

Austria 

Grenada 

PauLou 

Azerbaijan 

Guatemala 

Panama 

Bahama* 

Guinea 

Papua New Guinea 

Bangladesh 

Guyana 

Paraguay 

Barbados 

Honduras 

Peru 

Belgium 

Hungary* 

Philippines 

Bcli/e 

Iceland 

Poland* 

Benin 

India 

Portugal 

Bhutan 

Ireland 

Romania* 

MM* 

Israel 

Russian 

Botswana 

Italy 

federal hkT 

Brazil 

Jamaica 

Saint Lucia 

Bulgaria* 

|.p*n 

Samoa 

Burundi 

Jordan 

Senegal 

Cambodia 

Kiribati 

Seychelles 

Cameroon 

Kyrgyiuaa 

Slovakia* 

Canada 

loos 

Slovenia* 

Chile 

Latvia* 

Solomon Islands 

China 

Lesotho 

South Africa 

Colombia 

Ijberta 

South Korea 

Cook Islands 

Lithuania* 

Spain 

Corn Rica 

Luxembourg 

Srt Lanka 

Croatia 

Madagascar 

Sweden 

Cuba 

Mat 

Switzerland 

Cyprus 

Malaysia 

Tiniinu 

Czech Republic* 

Maldives 

Thailand 

lltnnuri 

Mali 

Trinidad and 

Djibouti 

Malta 

Tobago 

Dominican 

Marshall Islands 

Tunma 

RepvbiK 

Mauritius 

Turkmenistan 

Ecuador 

Mexico 

Tuvalu 

El Salvador 

Micronesia 

Uganda 

Equatorial Guinea 

Moldota 

Ukraine* 

Estonia* 

Mongolia 

United Kingdom 

E.C. 

Morocco 

Uruguay 

r«> 

Myanmar 

Uzbekistan 

Finland 

Namibia 

Vanuatu 

France 

Nauru 

Vietnam 

Gambia 

Netherlands 



SoU y Annex B countries are lifted in boldface. Annex B 
count hex that may host |«nt Implementation protect* are in 
dicaied by an asterisk 


the Kyoto Protocol. Use European and UJC. emissiotn- 
t fading systems are examples, hut they do not register 
land* management offsets. The New South Wales GHG 
Abatement Scheme in Australia is the only system now 
accepting such offsets from afforestation ami defores- 
tation only. Land -management offsets created outside 
New South Wales may qualify for that market under 
limited conditions. Other emissions-trading systems 
are In early stages of development in Canada, the 
northeastern U.S., and elsewhere, and they may even- 
tually allow sales of offsets. 

If project developer* cannot find a regional trading 
market, then a private market is the only remaining 
option. One such market, the Chicago Climate Ex- 
change. is operating demonstration trades, and it ac- 
cepts some types of land management offsets created 
in North America and Brazil. Another market. Cli- 
mate Trust, acts more as a broker with high standards 
than as a registry, but it is open to creative approaches 
to GHG reduction and can be an effective conduit for 
offset sales. Prices for offsets registered with the Cli- 
mate Trust have ranged from $2 to $10 per metric ton 
of C0 2 e— a testament to the rigor of the registry’s 
standards. 

Registering Offsets for Recognition 

home project developers may prefer to register offsets 
without financial gain because they want to 

-Track iheir gross annual emissions. 

- Achieve voluntary cuts in emissions. 

- Reap public-relations benefit from iheir efforts 
to create offsets. 

- Ensure recognition of early action on green- 
house emissions because they anticipate future 
regulation. 

Two worldwide programs exist lor this purpose. The 
World Economic Forum s Global GHG Registry record v 
companies' greenhouse emissions and reductions. The* 
International Council for Local Environmental Initiu 
tives administer* Cities foe Climate Protection (CCP> 
for cities, counties, and other small governments CCP” 
is not a registry, but it does provide standards and tools, 
for consistent GHG accounting. 
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Table A 22 GHG Recognition Program* [hit Accept Land- Management Offsets 




Can aft sets 




1 


originate 
outside of 

Types of offsets 

Entity-wide I 
reporting 


Accept 

Organisation 

Doanatn | 

domain* 

allowed 

required 

Web address 

sequestration* 

U S. DOE 1609(b) 

us. 1 

No 

6 Kyoto CMC* • 

s. 

toMM.ri4.dor j 

Y« 




others 


fovtosaf/MOV 

frntvrgg.html 


US, EPA CSi Ilk 

Global 

n/a 

H GKOs (si. II 

Yes 

srwwxpe gov/ 

Not final; 

Leaden 



finalising 

methodology) 


ilimatrlcaderV 

probably yes 

1 SlllrolWiKomm 

Wisconsin 

No 

CO r methane. 

No 

www dm state. 

Yes 




hydroAuuriKAthuna. 
CO. VOC mercury, 
lead 

1 1 

wins 

| 

Mjt, o( New krvty 

New lersey ^ 

Poawbly 

CO, and methane 

No 


Not yet 
determined 

j California Onmle 

California 

r«». us 1 

SGHGs 

Yea 

WWW 

No* y»l 

Action Registry 





iliaiolrregMtry. 1 

determined 

! ICCAR) 





<**/ 


Chicago Climate 

North 

Only if from 

Soil forest, methane 

Yes 

mrw. 

Yes 

Exchange 

America 

Rranl 

COv.oGMGs 


chicagoclimatex 






— 

com/ 


' Global Greenhouse 

Global 1 



n/a 

a Kyoto GHG v but 

wsne.weforum 

Yes, brat report 

i Gas Register 



reported separately 

1 from emissions totals 



separately 

Climate Ncainl 

Global 

n/a 

SGHGs 

No 

WWW. 

Ye*, same type* 

1 Network 





(hmatervutral 







com/ 


i Environmental 

Global 

n/a 

6 Kyoto GHG* Cany if 

Yes 

srsrw.pca online. 

Yes 

Deteme 



star plus) 


«g 


(Greenhouse 

Global 

n/a 

• GHGs 

Yes 

WWW 

Notyrt 

(is* Protocol 
| (WRI/WBCSD) 


1 1 



gbgpeococol org 

determined 

Canada's Voluntary 

1 Challenge 

Canada | 

r« 

b Kyoto GHG. 

No 

www wr mvr.d 

Yes 

[ AustraliaiiHG 

Australia 

No 

6 KixtoGMGi (not 

Yes 

www greenhouse 

Not yet 

Challenge 


1 1 

officially accepting 

<'»tvf?« 


pir in/rhtlkff / 

operational 

i EcoGESle l Quebec) 

Qotbot 

1 PosaiWy 1 

6 Kyoto GHGs 

No 

lswwecogesae. 

No* lot 



1 _J 

1 1 


gommexa 

determined | 

Environ mental 

UaS. 

Yea 

CO,. mclhjoo. NO*. 

Yes 

wwwxrt.net 1 

'“J 

Resources Trust 



SQs 




Not** VS DOE • U-S, Drpurtn&eni of Energy; VS EPA - U S Environmental Protection A grot y. VOC ■ volatile organ* 
carbon; NX>» - tuirout oxides, »>i - sulfur oxides 
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If neither program tv appropriate, several countries 
also offer programs through which parties can set vol- 
untary GHG reduction targets. Some of these programs 
include a rudimentary registry through which partic- 
ipants can report their annual GHG inventories and 


the results of offset projects. In the United States, a lew 
states, including New Hampshire and Wisconsin, have 
established demonstration GHG registries that accept 
offsets. Table A-22 provides a sampling of recognition 
programs throughout the world 
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Sample Field Protocol: 
Establishing Plots and Measuring 
Biomass in a Forestry Project 


This appendix provides a step-by-step guide to estab- 
lishing sampling plots and measuring biomass for a 
forestry project. 

Equipment List 

Vicinity map 

Site map marked with plot-center locations 
and coordinates 

Sampling protocol and tree identification 
guide 

Data sheets, data sheet holder, pencils 
Plot-layout graphic 
Slope-correction table 
Calculator 

OPS receiver and batteries 
Compass 

Rebar & PVC tube. I each per plot 
Hammer or small sledge 
Rangefinder (with or without reflector and 
reflector holder) (optional) 

25 m tape 
Wire Dags 
15 cm ruler 
Diameter tape 

Clinometer (device for measuring the angle of 
a line of sight above or below horizontal - used 
to measure lore height) 

Optica) dendrometer (instrument for measuring 
tree height and girth) (optional) 


Calipers with 1. 3, 5, and 10 cm died gaps (saplings 
and wood debris) 

Adjustable caliper, capacity up to the maximum 
tree diameter 

Sampling frame for measuring litter. 0.5m x 0.5m. 

that can be disassembled 
Pruning shears 
Prtmanent marker 

Ziploc bags, gallon size. I each per plot 
Compactor bags. 3 
Spring scales, 100 gm, I kg. 10 kg 
Machete (optional) 

Bug repellent, poison ivy block, raingear (optional) 
Personal safety and health supplies: water, food, 
first aid kit. radio or phone (optional) 

Establishing Plots 

Note the start time when leaving the vehicle. Using the 
vicinity map. site map. plot center coordinates, and 
CPS. go to the plot center. Note any permanent land 
marks useful for future relocation of plot. Failure thal 
compass readings arc made away from significant mag- 
netic objects, such as the vehicle, rebar, and steel tools. 
Note the tunc at which the plot center is located and 
reached, 

Pound the rebar inlo the ground at the plot center, 
leaving a few centimeters above the ground to use as a 
stake for tapes used to measure distance from the plot 
center. Hook the tape on the rebar, and place the PVC 
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Table A. 2) Slope Correction 


Slope 
< percent) 

Slope distance 

0.1 ha plot 

0.01 ha plot 

0002 ha plot 

0005 ha plot 

6001 ha ptoi 

0 

17*4 

5.64 


399 

L7I 

5 

1766 

565 

** 

399 

E79 

to 

17.93 

567 

154 

4.01 

1.79 

15 

UM)4 

5.71 

155 

403 

1.80 

20 

1*19 

575 

157 

407 

L82 

25 

18.39 

5*2 

160 

Ml 

164 

50 

18.63 

589 

163 

447 

1.86 

55 

18 90 

598 

267 

4.23 

189 

40 

19.22 

6 08 

172 

4-30 

1.92 

45 

19.56 

6J9 

177 

4.37 

1.96 

$0 

19.9S 

631 


446 

199 

55 

20-56 

644 

188 

4.55 

204 

60 

2081 

6-58 

194 

465 

2.08 

65 

21-28 

673 

301 

4.5* 

113 

70 

2178 

649 

308 

4.87 

118 

75 

22.30 

70S 

315 

4.99 

125 

60 

2185 

713 

313 

511 

128 

as 

23.42 

7.40 

331 

524 

134 

VII 

24.00 

739 

339 

537 

140 

95 

24.61 

7.78 

348 

550 

146 

too 

2513 

7.98 

357 

564 

152 


pipe over the cm! of the rebar, Attach the GPS receiver 
to the top of the PVC pipe, and record the GPS read- 
ing of the actual plot center location. The GPS receiver 
is easily attached to the PVC by tying a hcentinKter- 
diameter Mick to the receiver and sliding the end of the 
stick into the top of the PVC pipe. 

Measuring Woody Debris 

Start by measuring medium debris, before the plot is 
trampled. Establish a north-south transect and an east 


west transect, both passing through plot center. Make 
transects 50 meters long, extending 25 meters from thr 
plot center in each of the four cardinal directions. For 
each plot, use the same transects for all woody debris, 
litter, and shrub and sapling measurements. 

At the plot center, use a compass to sight south, and. 
note the true due south line relative to ternm features 
Starting from the plot center and moving south along 
the transect, stretch a tape. Along the first 5 meters o£ 
the transect heading north from the plot center, record 
the diameter of each piece of debris greater than or 
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equal to 1 centimeter In diameter but lew than 10 cen 
1 1 meters in diameter. For each piece, record the decay 
claw— hard or soft. Count suspended pieces that cross 
the transect, as long as the roots of the plant are not 
still attached to the piece and in the ground. Record 
decay classes as H for hard and S for soft. Hard debns 
is debris that would break with a cracking sound or 
splinter and that would give a solid or ringing sound if 
struck with a machete. Soft debris would break quietly 
and would typically break close to a plane perpendicu- 
lar to the growih axis. Soft debris would also give a soft 
or squishing sound if struck with a machete. 

Co mp lete the location of the south transect to its 
full 25-meler length. While measuring the woody de- 
bris transects it Is efficient to also mark the boundar 
ics of the tree plots. Placing a flag at 544 meters and 
17.84 meters from the plot center marks the edges of 
the medium and Urge tree plots and may speed de- 
termination of whether individual trees are inside or 
outside the plot. If the slope is greater than 10 percent, 
correct for it in measuring these distances. Sight back 
north, and establish the coarse- woody- debris transect 
extending north from the plot center. Make a compass 
sighting from plot center to locate the east or west tran 
sect. Sight back along it in order to locate the other east- 
west coarsc-woody-debris transect. As with the south 
and north transects, placing hags at 5.64 meters and 
17.84 meters from the plot center may speed determi- 
nation of whether individual trees are inside or outside 
the plot. As these transects are established, measure 
and record Information on coarse debris while the tape 
is still stretched along the transect line, before estab- 
lishing the next line. (Coarse woody debris is defined 
as dead woody material where the grow th axis is more 
than 45 degrees from vertical or dead woody material 
of any orientation where the piece it not attached to its 
roots or the roots are not in the ground.) Record the 
diameter and decay cUss (I through 5— see below) of 
each piece of debris that crosses the transect and is 10 
centimeters or greater in diameter If the species can be 
identified, record the species. 

If working as a multiperson team, first establish and 
Rag the coarse -debris transects, and then take measure 
menu If there is uncertainty about whether a piece 
crosses the transect, the person collecting data can bold 


Sample Field Protocol 

a finger or a flag above the midline axis of the piece* 
and the person recording data at plot center can sight 
to the flags farther out the transect and judge whclhcr 
the piece crosses it. Be careful not to disturb litter in 
the vicinity of the litter plot. 

Measuring Utter and the Organic Layer 

Fine woody debris— lessthan Icentimelerin diameter- 
is measured with litter. Go to the Rag placed 564 me- 
ters south of the plot center this is the northeast cor 
net of the litter plot. The litter plot is 0 l 5 by 0.5 meters* 
with its edge aligned with the debris transect. Place- 
the frame for the litter quadrat on the ground. If 
needed, take apart the frame to place it around the- 
stems of shrubs and below the canopy of shrubs, and 
reassemble it in the desired position. Hold one edge or 
corner of the frame up. as needed, so that the frame- 
is horizontal. If the slope is too steep to accurately lo- 
cate the subplot edges when the frame is held horizon- 
tally. lay the frame on the ground surface. If the frame- 
is placed on sloping ground, rotate the frame clock- 
wise around the reference-corner point until one pair 
of opposing frame edges is horizontal across the slope 
No more than 90 degrees of rotation is needed. Record 
the slope of the sloping pair of frame edges. 1 Make sure 
slope is recorded in percent, not degrees.) Record the 
slope of the frame when it is used to determine what lit 
ter to collect If the frame is held horizontally on slop- 
ing ground, record the slope as zero. 

Use the pruning shears to cut the litter along the 
line below the inside edge of the sampling frame. Put 
the lifter and duff in a bag of sufficient size (typically a 
compactor bag. but perhaps a gallon Ziploc), and weigh 
it on a tared Kale. 1 Do not include live vegetation or 
live moss. Record the weight of the litter. On the bag. 
write the site name or code and the plot number Tare 
the appropriate scale for the bag. Take a representative 
subsample of not more than about 1 liter in volume and 
not less than about 100 grams, put it in the bag. and 
weigh it on the tared scale. Write the field weight on the 
bag and on the data sheet. Take the subsample back to 
the Lab for analysis. 

In the quadrant where litter was removed, use the 
trowel to cut vertically into the soil. Pull the trowd to 
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one side, exposing a vertical face of soli. Use visual in- 
spection and fed foe grittiness when rubbing a small 
amount of soil between fingers An organic layer feds 
smooth or creamy when smeared between the fingers, 
perhaps with soft organic lumps. Organic material is 
dark brown or black. Mineral soil feds gritty or hard, 
except foe pure clay. Identify the depth of any organic 
layer. Record the depth. Repeat this depth measurement 
for the required number of measurements, spreading 
the measurements evenly around the quadrat area. 

Measuring Saplings and Shrubs 

Go to the flag 5.64 meters north of the plot center on 
the woody-debris transect Place the 05-by-03 meter 
quadrat frame over the flag, with the flag forming the 
northeast corner of the quadrat, or use a tape to mea- 
sure the quadrat. If using the frame, hold up the frame, 
if necessary, to correct for slope. Count the number of 
Use woody stems originating from within the quadrat 
that arc up to 1 centimeter In diameter at the base. Re- 
cord the count, median diameter, height, and species 
providing the largest percentage of cover within the 
quadrat 

Establish a plot with a radius of 1.78 meters. ccn> 
tered on the flag. Slope -correct all horizontal measure- 
ments if the slope is greater than 10 percent. Count all 
live woody stems originating within the plot that arc 
l to 3 centimeters in diameter at the base. Record the 
count, live median diameter at the base, the height, and 
the species with the largest percentage of cover within 
the quadrat. Do the same for all live plants that are 3 
to 5 centimeters in diameter at the base, and for all live 
plants that arc greater than 5 centimeters in diameter 
at the base but less than 5 centimeters in diameter at 
breast height (dbh). 

Measuring Trees 

Establish a plot with a 232-roctcr radius, centered on 
the plot center. Slope correct all horizontal measure- 
ments if the slope is greater than 10 percent Working 
clockwise from map north, for each stem that is at least 
5 centimeters dhh and that has its center at ground level 


within the plot, record, species code, diameter, height, 
top diameter, and vigor/decay class Measure the top 
diameter of broken trees using the optical dendrome- 
tcr. Include all live stems, snags, and stumps of the size 
class in each subplot. Snags and stumps are defined as 
dead plants with woody stems still attached to their 
roots, with the roots mostly in the ground, and with a 
growth axis within 45 degrees of vertical. Stumps are 
very short snags. When stumps are less than 1.37 me- 
ters tall, record the actual top diameter. 

Establish a plot with a 5.46- meter radius centered 
on the plot center, slope- corrected as necessary. Work- 
ing clockwise from map north, for each stem originat- 
ing within the plot that is at least 15 centimeters dhh. 
record: species code, diameter, height, top diameter, 
and vigor/decay class. Include all live stems, snags, and 
stumps. 

Establish a plot with a 1734 meter radius centered 
on plot center, slope corrected as necessary. Working 
clockwise from map north, for each stem originating 
within the plot that is at least 30 centimeters dhh. re- 
cord: species code, diameter, height, top diameter, and 
vigor/decay class. Include all live steins, snags, and 
stumps. 2 

It may be more dficicnt to record all live trees of a 
given radius on a plot and then to record snags, espe- 
cially if the plot contains numerous stumps or other 
short snags. 

Wrapping Up 

Roll all the tapes. Pound the rebar until it is flush with 
the ground or slightly below the surface. Write the plo« 
number near the top of a I -meter long piece of PVC 
pipe using permanent marker. Push the PVC pipe a few 
inches over the top of the rebar 10 it stands and marks 
the plot center. Pick up all the flags and stakes oilier 
than the plot center marker. Record the time of leav- 
ing the plot. It is good practice to look over the plot for 
forgotten tools; this takes only a few moments and can 
avoid frustration and hours of time spent looking for 
and replacing lost tools. 
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Codes for Recording Species on Data Sheets 

The code for an individual specie* I* the lint two let- 
ter* of the genu* followed by the fir*t two letter* of the 
specie*. If two specie* would have the same code, add a 
number alter the species code, such as ACSA2 When 
plants are identified to genus only, use the first four to 
six characters of the genus as the code. Species cosies 
must be tailored to each protect area; the codes below 
illustrate the formal. 


ROPS 

Robima pseudo- 
acacia L 

Locust, black 

SANT 

Sahx mgra Marsh 

Willow, black 

TIAM 

Ttiia Americana L 

Ba&swood 

TSCA 

Tsuga canadensis 
(L) Carr. 

Hemlock, eastern 

IT AM 

Vlmus americana L. 

F.lm, American 

ULRU 

Ulmus rubra MuhJ. 

Elm, slippery 

UNKN 


Unknown 


Shrub Species 


ALNUS 

Ainu* spp 

Alder species 

CORNUS 

Cornua spp. 

Dogwood 

SAEX 

Sail* exigua 

Narrow-leaf willow, 

all variants 

SAMB 

Sambucus spp. 

Eider 

Tree Species 


ABBA 

Abies balsamea 

Balsam fir 

ACNE2 

Acer negundo 

Boot elder 

ACS A 2 

Acer sacchar- 

inum L. 

Maple. slim 

ACSAJ 

Acer sacchamm 

Maple, sugar, or 
hard maple 

AEGL 

Aesculus glabra 

Ohio buckeye 

BELU 

Retula lutea 

Michx. F. 

Birch, ydlow 

BENI 

Betual nigra 

Birch, river 

CACOlS 

Carps cordi • 

Hickory, bitternut . 


formit (Wang^ 

or yellowbud 

CAOV2 

Carpi ovata 

<P. Mill.) 

Hkkorv. dughirk 

CHOC 

Ceiris occidentals L 

Hackberry 

FRAM2 

Fraxinu* Ameri • 

curia L. 

Ash. white 

QUERC 

Qnerrui species 

Oak specks 

QUMA2 

Quercus macrocar pa 
Michx. 

Oak, bur 

QURU 

Quercus rubra L. 

Oak. northern red 

QlfVE 

Quercus \eiutma. 

lam 

Oak. bl.uk 


Tree Vigor/Snag Decay Class 

Ll good vigor No apparent signs of distress 

(e g, discolored leaves, paucity of 
leaves, conks, significant stem or 
root rot likely to cause falling). 

L2 fair vigor Some signs of distress apparent. 

LJ poor vigor Extreme distress apparent, immi- 
nent death likeiy- 

Dl Dead, bark intact, fine branches present. 

112 Dead, hard snag medium branches present, lop may 
be missing some bark likely missing 
D3 Dead, tup and branches missing substantial rot, 
hard core, may have some bark 
Di Dead, soft snag 

DS Dead, soft snag rotted down to near stump, blob. 

Decay Classes for Fine Medium Woody Debris 
(<to cm diameter) 

H Hard, breaks wilh snapping sound. 

S Soft, breaks straight across grain, punky. 

Decay Classes for Coarse Woody Debris 
(>to cm diameter) 

L Hard, bark mostly Intact, branches not rotted. 

2. Hard but losing bark, fine branches rotted utT 
X Soft exterior, hard interior, not totally conform- 
ing to ground topography, 
t. Soft, conforming lo ground lopography. 
partially buried. 

5. Decayed to chunks or mush, substantially 
burled 
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Appendli ij 

Sample Data Sheet — Biomass Measurement 

BIOMASS SURVEY Plot No.: Time arrive al nlot: 

Survryorts): Datum: WGSS4 NAD27 NAD83 UTMzonc/lat: 

Site name: Assigned Plot Center. mE mN 

Date Installed Plot Center mE ________ mN 

landmarks/Nolcs: 

Time start sampling: 

FINE DEBRIS pieces l.0-9.9cm dla. 5 m long transect south 

UTTER Slope % Weight p m (0.5m * 0.5m) Suhsample weight: gm 

O- layer depths: cm 


FINE & COARSE DEBRIS fine <10 cm dla: 5 m transect south: coarse (our 25 m transects 
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Sample Field Protocol 

TREE & SNAG PLOTS >=5J) an dbh; -002 ha plot radius 2-52 ra = IT 



Vigor U - no apparent sign of dtslrns (discolored leaves. pamey of leases) 
L2 > some ngnicf distress 
L3 - etlrcrne diamv. imminent death likely 
PI > dead, fine branches pence*; CWD suspended 
D2 - branches & bark generally present, CWD sane 
D) ■ sapvrood toft or gone. CWD same 
D4 ■ toll. lop gone; CWD soft A conforms to terrain 
D5 ** Moke CWD largely hunrd 
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Notes 


Chapter r. The Role of Landowners 

and Farmers 

L CO. emissions contribute most to global warming, 
but methane (01,1. nitrous oxide (N'.O). and chlorotsuo 
rocarbon emissions also contribute. CM these Iasi three, 
land-use practices affect only methane and nitrous oxide 
emissions, and thus are relevant here. 

2. See Annex B of the Kyoto Protocol for a list of coun- 
tries and the emission reductions they committed to dur 
ing the negotiation of the Protocol. The U S and Austra- 
lia have not agreed to implement their emissions reduction 
commitments. 

y See hrtpj'/www us-caporg. 

4. The United States pioneered the first cap-and trade 
system designed to curb dangerous industrial emissions In 
1990. Congress amended the Clean Air Act to establish such 
a system to regulate releases of sulfur dioxide (SO,), v»hkh 
is a precursor to acid rain. The program achieved 100 per- 
cent compliance at a fraction of projected coats. For a general 
primer on caf^ and trade systems, scr www.us-cap.org 

5. Offsets are sometimes called credits. The term credits 
is not used here because N may also to refer to emissions al- 
lowances While offsets are typically referred to as carbon 
offsets, they include all reductions in greenhouse gases, not 
just CO,. Sec Chapter 2 for how to assess the relative cli- 
mate benefit of cuts in different greenhouse gases. 

6. Additional information is available at: http^www. 
fightgtob* Iwarm ing com. 

7. Dangerous climate change includes the melting of the 
maun polar ice sheets, with an attendant rise in sea level of 
more than 20 feet and the loss of the Amazon rainforests 

It. House ct al. 2002 provide a similar analysis from a 
global perspective. 


9. For example, the Kyoto process recognizes only otf 
sets generated from specified countries, using specified 
methods, and having passed specified reviews, ll categon 
cally excludes some of the methods for mitigating green- 
house gases recommended here. 

Chapter 2 : The Rroceu of Creating Offsets 

L The definition of this quantity (CO, equivalent) is pro- 
vided later In the chapter. 

2. FmUters operating under a mandatory cap-and-tradc 
system do not have to consider additionality when Iden- 
tifying the internal activities and practices that will hr 
adopted to meet the emissions allowances or cap That's* 
because their emissions cap is their baseline, and any re- 
ductions in emissions represent a GHG gam Of course, 
if a capped emitter were to purchase carbon offsets Irons 
a landowner to help meet its cap. those purchased offsets 
would indeed have to be additional 

A Technically, a molecule of CO, emitted to the atmo 
sphere generally leaves the atmosphere more quickly than 
a molecule of methane. Most CO, leaving the atmospherr 
is absorbed by oceans, howem, which in turn emit more 
CO, as the concentration in the water rises. The release of 
a ton of CO, into the atmosphere thus sparks a chain of ab- 
sorptions and emissions. 

4. The small difference between the 1995 and 2001 re- 
ports reflect scientific improvements in the ability to cal 
culate GWP over the si* year period. The Kyoto Protocol 
has not adopted the 2001 GWPs, so projects that generate 
offsets within the Kyoto system use the 1995 values. 
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Notes 


Chapter 3: Land- Management Options 

I Unless otherwise noted, price* are in 2006 dollar* 

2- Analyst* estimate that between 1850 and 1990. one 
third of anthropogenic carbon emission* stemmed from 
vegetation and mm It (see Houghton 1999) 

3. Data are not available foe the last few* year*. From the 
late 1980* to the mid-1990s, however, total U-S. forest car* 
bon slock grew, primarily because of regrowth of forests 
on agricultural land* abandoned during the first half of the 
twentieth century 

4. Soil organic matter is heavily decomposed material 
that is relatively resistant to further decomposition, and is 
typically about 58 percent carbon by dry weight 

5. Crop breeder* have focused on raising yields, some- 
time* by selecting plant* that devote more resources to the 
crop and less to non crop portions. Residue mass usually 
rises, however, cvro if it is a smaller proportion of total 
plant bsoma** 

6 U.S. Department of Agriculture, Farm Service 
Agency Sec: http'V/www.fsa.usda-goWpasJ 

7 Unlike plowing, soil mixing by earthworms does not 
cause loss of soil carbon because the earthworms do not 
break up soil aggregate* 

8. For more on land management practices that can 
mitigate nitrous oxide and methane emissions, see Cice- 
rone 1983, 1992: Wactmann. Papen, Rennenberg. 1993; 
Wassman. Wang, Shangguan. Xie, Shen. Papen. Rennen- 
berg. Seiler, 1993; Denier van tier Goo. 1993 and 1996; Zhou 
1994. Neue 1994; Harrison 1995; Peoples 1995; Mosier 1996; 
Mosier (methane) 1998. and Mosier (nitrous oxide) 1998. 

9. Denitrification, however, can lead to nitrous oxide 
emisaium. Aerobic treatment of manure also produces 
substantial amount* of nitrate, which it a significant cause 
of w'ater pollutants if not captured or converted to inert 
nitrogen. 

10 The 1PCC include* gathering dung for fuel as a 
waste management practice that typically causes signifi- 
cant methane production because of incomplete combus 
turn. An offset protect that collects manure left in pastures 
for use as fuel would reduce nitrous oxide emission*, but 
higher methane emissions might offset this greenhouse 
benefit This land management change could also reduce 
stock* of soil carbon. The net impact of such a project 
would depend on the previous fuel and how n was burned. 
This manual does not include methods for calculating the 
greenhouse impact of switching to manure for fuel because 
that is not a land management activity. 


Chapter 4: Scoping the Costs and Benefits 

L The literature on performing such assessment* i* vo 
luminous, and consultants are available to help. 

Chapter 6: Carbon Sequestered in Forests 

1. The word rrforrttaticn is used here in its ecological 
sense. In the business of forestry, the word nfomlthon re- 
fers to planting or natural regeneration to establish trees 
00 a site that ha* been recently cleared by harvesting (c«pc 
cully dear cut harvesting) or some other disturbance. In 
forestry, the word afforestation is used to denote the rees- 
tablishment of forest on lands that have been in non forest 
cover. 

2. Recent scientific studies suggest that some aspects 
of a forests life cycle may lead to climate warming in 
stead of cooling (cf.. Gibhard et al. 2005; Kcppler et al. 
2006). If these studio are confirmed by subsequent re- 
search. a plan for quantifying these warming effect* would 
need to be incorporated into the measurement scheme 
< Glandcr 2006). 

3. Developer* may use less expensive methods than 
those recommended here to quantify the tons of CO,e their 
protest sequesters, but the former would provide much 
less reliable results, and thus could yield fewer tradable 
offsets. 

4. If equations are available. »1 1« possible that all field 
measurements will be of the aboveground attributes of 
trees, and belowground biomass may be inferred from 
these aboveground measurements 

5 Calculating the average change in carbon stocks for 
the entire project area b easiest if each sampling site en 
compasses the same area. 

6 l Subplots do not nerd to be the same *hape— they can 
be square as well as round, for example -but their sire- 
should reflect the type of biomass. For example, if a protect 
expects to grow few tree* over 30 centimeters in diameter, 
quantifiers may want to install larger subplots for trees 15- 
lo 30 centimeter* in diameter because this sire range will 
encompass most of the carbon sequestration and b thus- 
worth measuring fairly precisely. Some subplots desig- 
nated for measuring a given carbon pool might include no 
objects of that type, while other* might contain more than, 
a dozen Such variation significantly affects the precision 
of the quantification system, but it may be unavoidable if 
the fore«t i* lightly managed or if the types of biomass on a 
plot change over time. 

7. Litter is undecotnposcd organic material lying on the 
ground, having piece sizes that are smaller than the mini 
mum size of woody debris. Typically litter is leaves, twigs. 



383 


and hark. Duff iv partially composed organic material ly 
tag oo the ground surface Typically the individual pwccx 
of organic material in duff are vuually distinguishable but 
matted together by fungal strands. 

8. Note that this method is for estimating the mass of 
litter and dutf ninth resides in the soil O ho nr on Methods 
for measuring carbon in this layer are discussed in Chap 

9 The density used in biomass equation* is often re 
ported as a specific gruvify rather than a density The spe- 
cific gravity of a substance is simply expressed in units such 
that the density is given as a proportion of density divided 
by the density of the material relative to water. Because the 
density of water is I gram per cm’, the specific gravity of a 
substance is pust a shorthand way of expressing the density 
of that substance in grams per cm* without having to write 
down the units. 

HX The Walkley Black wet digestion method was for- 
merly used to measure organic carbon in soil, but that ap 
proach is not sufficiently accurate. Also, it can underesti- 
mate carbon content and produces toxic waste. 

11 knkins (2005) provides a comprehensive database 
of equations that predict tbe biomass of North American 
trees as a function of diameter. Equations that use both 
height and diameter, however, are strongly recommended 
Biomass equations that use only diameter and species 
should be used only if no appropriate equation that uses 
both height and diameter it available and the project can 
not afford to develop the needed equations. 

12 Aldred and Alemdag <19881 provide guidance on 
determining whether an existing tree biomass equation is 
appropriate. 

13. See Appendix 1. 

Chapter 7: Carbon Sequestered in Soil 

1. This Is equivalent to about WO.OOO tons of COj (see 
Chapter 2). 

2. Paired sampling entails measuring the carbon stock 
on each plot at an earlier time and a later time, finding the 
change on each plot, and doing statistical analysis of the set 
of observed changes. 

3. 1 hectare = 2.47 acres. 

4. By chance, a plot center could sit very close to the 
boundary of the protect land. Strict sampling theory would 
foM the plot along the property boundary and fold the part 
of the plot outside the boundary back within it. An accept- 
able alternative is to place a buffer on the south and cast 
portion of the plot This buffer can be between 4 and 9 me 
ters wide, depending on tbe number of cores collected and 
the spacing between the cores. 


Notes 

5. In most soils, corc-to coce variability of carbon con- 
tent does not seem to rise significantly as core diameter 
and tbe volume of sampled soil shrink. Smaller-diameter 
corers are easier to insert into the ground, but the smaller 
the diameter is. the smaller the rock size is that can pre- 
vent crews from extracting intact com. Smaller corers may 
have a greater tendency to compact soil, but they simplify 
transport and processing of soil. Rectangular corers arc 
not recommended because the samples they extract seem 
to vary under many conditions. 

6. Lichtenstein 1982; McClelland 1994. 

7. Using subjective estimates of variability instead of 
empirical data for Monte Caifo modeling b little better 
than relying on expert opinion hie an example of a Monte 
Carlo analysis for land use and management impacts on. 
U.S. agricultural soils, see Ogle 2003 

8. The Walk ley -Black wet digestion method was for- 
merly used to measure organic carbon in sotl. but that ap 
proach underestimates carbon content and produces toxic 
waste. 

9. See Appendix 1 on sampling for a discussion of 
stratification 

10. Sec Appendices 3 and 4 for more on statistics and 
inadvertent emissions, and Chapters 5 and M) for more on 
baselines and leakage 

Chapter 8: Greenhouse Cas Emissions 

from Manure 

1. Methods for estimating the net impact of using bio- 
mass for fuel can be complex, however, and developers need 
to contract with the owner of the displaced fossil fuei-fired 
facility to establish ownership of any resulting offsets. 

2. Project emissions are the amount of gas emitted, not 
the amount produced. 

3. Even management practices that produce high ni 
trous oxide emissions, such as pasture spreading, have a 
small overall warming impact per unit of manure. 

4. A system that captures and burns methane may not 
reduce greenhouse emissions if it replaces a dry manure- 
managrment system because the amount of methane leaked 
from a digester system may be greater than unmanaged 
emissions from the dry management system 

5 Quantifiers should check the literal ure at the time of 
the analysis for the most up to date values. 

6. See IlfC 0996). Table 4 8, p 4.2S 

7. For an equation for estimating emissions as a func- 
tion of temperature, see U.S. EPA (2004). When making 
such calculations, quantifiers should use the temperature 
of the manure slurry, not the ambient air temperature, as 
the EPA does. 
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Note* 

8. Sm IPCC (2000) ind EPA (2001) for information on 
how to evil mate cmtiMom from feed inputs. 

9. This number represents total dry matter, including 
ash content. In contrast to the IPCC method, manure frac 
(tons are not calculated or measured. 

W, The 100 GOT ofCH, assumes that the CM* will per 
*ist in the atmosphere foe a relatively short time <11-12 year*, 
on average) and then decompose to CO r The CO. then re 
mains In the atmosphere for the rest of the 100-year ac- 
counting period The GOT of CH ( already counts the C in 
the CM, as being CO, In the aimospherc for about 90 per 
cent of the accounting period Burning CH, by the proj- 
ect changes the proportion of the 100 year accounting pc 
riod from about 90 percent of the accounting period to 100 
percent of the accounting period This difference is sub- 
sumed in the uncertainty of the actual value of the 100- year 
GOT. so no further deduction b warranted for the extra 
few years that the C is in CO, in the atmosphere during the 
100 year accounting period 

11. See IPCC (1996). which estimates the proportion of 
potential methane production that is lost, assuming that 
the digester converts manure to methane efficiently 

12. Sec IPCC (1996) and (2000). and U S. EPA (2003) 
for similar methods Documents from the Kyoto Proto 
cols Clean Development Mechanism (CDM) show how 
approved manure projects made these calculations. See 
http://cdm.uniccc.int. 

13. The factors used to predict the rate of methane or 
nitrous oxide production as a function manurr type and 
management system are highly uncertain. Agencies could 
develop better factors by establishing benchmark sites for 
measuring emissions from different manure management 
systems in different climates. Such efforts- while requir- 
ing substantial work— would help manure protects quan 
lify their emissions more reliably. 

14 The 2 percent rate Is from IPCC (2000). The rate as- 
sumes that 1.25 percent of nitrogen in fertilizer is emitted 
from fields. 30 percent is leached, and 23 percent of the 
leached nitrogen convert* to nitrous oxide in rivers. Add- 
ing 1.25 percent direct emissions and 0.75 percent emb 
uons from streams yields 2 percent of applied nitrogen 
emitted as nitrous oxide. 

Chapter to: Estimating Leakage 
or Off-Site Emissions 

I If a facility operating under a regulated cap duplaces 
emissions to other facilities operating under the cap. then 
those facilities must account foe the displaced emissions, 
and thus the emissions are not considered leakage. 

2. Economists often distinguish between two types 


of displacements: market leakage and activity shifting. 
This chapter focuses primarily on market leakage. See 
Appendix 20 for a brief discussion of these two types of 
displacements. 

3l Leakage that increases offsite GHG emissions or re 
duces carbon stocks is known as negator leakage, and u 
subtracted from a project's net greenhouse benefit Projects 
can also create positive leafage if they spur offsite cuts in 
GHG emissions. For example. If a project entails switch- 
ing from plowing to no-till cropping, other farmers- 
observing that production costs are lower and yields In dry 
years are greater on project lands— might also switch to 
no-till Because the resulting GHG benefits occur outside 
the project boundary, however, project developers do not 
own them, and thus cannot count them in calculating off- 
sets. If they could be counted, it would raise the possibil 
ity of a given offset being counted twice. Of course, project 
developers could sign a contract with other landowners to 
bring their activities Into the project, in which case they 
could product offsets (tee Appendix 21). 

4. Project activities can result In spill over emissions 
beyond project boundaries. This occurs when nitrogen for 
bluer is applied to project lands, leaches into streams, and 
produces downstream nitrous oxide emissions. This also 
occurs with fugitive emissions, such as methane leaks from 
a facility designed to capture methane from decaying ma- 
nure. To avoid confusion, these types of processes are not 
treated as leakage, hut are accounted for in emissions from 
the project itself. 

5. For a discussion of projects that increase demand, see 
Appendix 2L 

6. Because demand decreases as price increases. £— the 
price elasticity of demand— is a negative number 

7. The equation in 50.3 b based on the simplest (compar- 
ative statics) method using elasticity estimates. More com- 
prehensive economic modeling can be employed that will 
likely provide more precision Murray et al (2004) discuss 
these methods. 

8. In Equation 2.2, leakage is expressed as a fraction or 
proportion of the total NET GHG Benefit. 

9 The magnitude of E simply means expressing £ as a 
positive number instead of a negative number In our ex 
ample. £ • -0.06, so the magnitude of £ is *006 

10. The literature on methods for estimating elasticities, 
is extensive. For information on usings multiple parameter 
regression to calculate supply and demand elasticities, sec 
Marquez (2002). Greene (2000), and Edgier too (1996). 

II Recall that if these parameters drop out of 

Equation 10.3 and thus are oot needed. 

12. The marginal rate of production b the amount of 
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production per unit of area on the next unit of land brought 
in to or out of production, the marginal rate of production 
I* often— but not always— lew than the average rate of pro- 
duction because more productive lands are usually already 
in production. 

13. If marginal rates of production are employed, then 
C m (above) should be estimated using data from marginal 
lands— and not average lands— outside the project. 

Chapter n: Verifying and Registering Offsets 

1. These auditing principles arc shared with the field of 
financial accounting For a review of such principles, see 
also Professional Standards, issued annually by the Amer- 
ican Institute of Certified Public Accountants, which in- 
cludes statements on auditing practices from the Financial 
Accounting Standards Board. Several textbooks also pro- 
vide introductions to auditing practices, including Audit- 
ing and Assurance Services. An Integrated Approach < Ann* 
2002 ). 

2. Regulators issue emissions allowances, or caps, for 
each accounting period Offsets create new opportunities 
foe regulated emitters to meet their cape 

Appendix i: Developing a Sampling Strategy 

1. The standard deviation of the mean is defined as the 
square root of the variance in the measurements of the 
mean The standard error of the estimate of the mean is the 
standard deviation divided by the square root of the num- 
ber of sampling sites. Most spreadsheet programs allow 
users to automatically calculate the mean, standard devia- 
tion. and coefficient of variation of any dataset. For more 
information, see Appendix 3. 

Appendix 2 : Quantifying Inadvertent Emissions 

1 Rates are calculated from information on emissions 
Us the US. Inventory of Greenhouse Gates (fcPA 2006) 

2 Combustion efficiency is the proportion of fud that is 
burned in a fire. If the amount of baomass has been mca 
*ured before a fire, combust son efficiency can be calculated 
by measuring the amount of biomass remaining afier the 
fire, and boding the proportion of the original biomass 
that has disappeared. 

Appendix y Categorical Additionality 

and Barrier Tests 

I Under the CDM process, the Executive Board has ap- 
proved project methodologies and consolidated method- 
ologies for some sectors, and the Methodology Panel has 
published guidance on establishing guidelines Approved 
project methodologies may be used as a template for quan- 


Notes 

tifyuig offsets from new projects. Official Kyoto Protocol 
documents, including CDM documents, are available on 
the web At this writing, the Executive Board and Meth- 
odologies Panel are only beginning to consider method* 
tor determining baselines for projects that mitigate GHG 
emissions by changing land-use practice*, and have not 
approved any methodologies for counting the benefits o€ 
these practices. 

2. Regulators can limit the impact of different assump- 
tions on additionality by requiring projects to use the same 
assumptions to establish the baseline. 

.' For an analysis of the difficulties of documenting 
barriers to a forestry project under the Clean Development: 
Mechanism, see Ellis (2003). 

•4. Barriers based on regulatory prohibitions are an ex- 
ception. because they can usually be objectively demon 
st rated. 

Appendix 6: Using Periodic Transition Rates 

1. Because FRL is raised exponentially to determine 
the fractional coverage of a land -management practice, it 
should be earned to at least five significant digits 

Appendix 16: When Soil Density Changes 

L I hectare » 2.47 acres. 

2. As Chapter 7 notes, rocks are checked for carbon. If 
carbon is found, rock fragments in soil sample* are ground 
and added to the fine soil sample before sample mass and 
carbon content are measured. 

Appendix 17: Determining Mass-Specific Ratios 

1. The methodology recommended here for manure Is- 
not as rigorous as that recommended for woody material In 
Chapter 7. Because of the Urge variability in the dry matter 
content of manure slurry, the more precise methods rcc 
ocn mended for woody’ matter would not be cosi eflective 

Appendix 18: Calculating Emissions 

from Manure 

1. The most recent 1PCC global warming potential for 
methane is 23, but CDM projects Implemented under the 
Kyoto Protocol use the older GWP of 21 Quantifiers should 
check the literature or the rule* of a regulatory or market 
system for the roost up to-date or recommended GWP. 

2. The most recent IPCC global warming poten- 
tial for nitrous oxide is 296. but CDM projects imple- 
mented under the Kyoto Protocol use the older GWP of 
310 Quantifiers should check the literature or the rules of 
a regulatory or market system for the most up-to-date or 
recommended GWP. 
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Notes 


2. Foe propels in the United State*. Li is recommended 
Appendix 27: Sample Field Protocol that plant species codes match codes used in the USDA 

L Taring is setting a scale so it reads zero when bold Plants Database, http //plants usda gov.' 

ing an empty container that will be used to hold material 
being weighed Be sure to rc-tare the scale when changing 
containers. 
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